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Editor Speech of IC - BTI 2020
International Conference is the 9th international interdisciplinary peer reviewed conference
which publishes works of the scientists as well as practitioners in the area where UBT is
active in Education, Research and Development. The UBT aims to implement an integrated
strategy to establish itself as an internationally competitive, research-intensive institution,
committed to the transfer of knowledge and the provision of a world-class education to the
most talented students from all backgrounds. It is delivering different courses in science,
management and technology. This year we celebrate the 19th Years Anniversary. The main
perspective of the conference is to connect scientists and practitioners from different
disciplines in the same place and make them be aware of the recent advancements in
different research fields, and provide them with a unique forum to share their experiences.
It is also the place to support the new academic staff for doing research and publish their
work in international standard level. This conference consists of sub conferences in different
fields: - Management, Business and Economics - Humanities and Social Sciences (Law,
Political Sciences, Media and Communications) - Computer Science and Information
Systems - Mechatronics, Robotics, Energy and Systems Engineering - Architecture,
Integrated Design, Spatial Planning, Civil Engineering and Infrastructure - Life Sciences
and Technologies (Medicine, Nursing, Pharmaceutical Sciences, Physcology, Dentistry, and
Food Science),- Art Disciplines (Integrated Design, Music, Fashion, and Art).
This conference is the major scientific event of the UBT. It is organizing annually and
always in cooperation with the partner universities from the region and Europe. In this case
as partner universities are: University of Tirana – Faculty of Economics, University of
Korca. As professional partners in this conference are: Kosova Association for Control,
Automation and Systems Engineering (KA – CASE), Kosova Association for Modeling and
Simulation (KA – SIM), Quality Kosova, Kosova Association for Management. This
conference is sponsored by EUROSIM - The European Association of Simulation. We have
to thank all Authors, partners, sponsors and also the conference organizing team making this
event a real international scientific event. This year we have more application, participants
and publication than last year.
Congratulations!
Edmond Hajrizi,
Rector of UBT and Chair of IC - BTI 2020
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Transportation demand management through physical
improvements: The Case of Pristina
Seda Hatipoglu1, Beni Kizollii2
1 UBT

– Higher Education Institution, Lagjja Kalabria, 10000 p.n.,
Pristina, Kosovo,

Abstract. In developing countries, the fact that public transportation services have not
exceeded a certain level increases the use of the private vehicle as a type of transportation
in urban transportation day by day. Insufficient road and parking problem is a significant
obstacle in the solution of traffic problems for years. The institutions responsible for solving
traffic problems have often made intractable urban traffic problems with the understanding
of the necessity of high-cost investments. In this context, despite the traditional
understanding, "Transportation Demand Management" strategies developed within the
framework of new approaches, evaluates the problem through the outline of existing
infrastructure facilities and offer alternatives to the use of private vehicles with less
investment. Transportation Demand Management strategies are based on various policies
and programs that result in more efficient use of traffic infrastructure. It examines situations
related to urban traffic problems and argues that it can be solved through the understanding
of TDM. Within the basis of urban traffic problems and solutions in Pristina; Physical
improvements have been proposed within the urban central ring for the purpose of
improving the public transportation system and the use of bicycles.
Keywords: Pristina, Urban traffic, Transportation Demand Management, Physical
Improvement.

Introduction
The demand for expansion of road network within a short period of time has always been
realized as a result of industrial development within the population oriented cities and with
the process of expanding the city areas in developing countries. Understandings that cannot
manage these processes in a healthy enough manner have prioritized supply-creating
solutions, in other words, it was seen that there was an idea of "increasing demand by
increasing supply" (Demir, 2001, s. 18). The search for a new approach was entered as it
became clear that the problems were not solved within the traditional planning approach of
“increasing demand by increasing supply”, but on the contrary, a new and gradually
increasing vicious circle was introduced (Çelik, 1999). This causes a low level of traffic
flow due to frequent cross-section points, especially with the congestions caused by
inefficient investments and inadequate solutions of problems due to the traditional
understanding of urban center roads. A different proof that this perception remains in
Pristina is the fact that about 4 million euros are envisaged for infrastructure investments
from the municipal budget in 2020, leading as one of the highest items within the framework
of other services in total for each year (Komuna e Prishtinës, 2019, s. 4). With this budget,
it can be emphasized that more efficient solutions can be realized with a different
understanding in a city with a population of 450 thousand, and policies that will ensure a
sustainable traffic flow with minimal costs despite the high budgets of developed countries
are being studied (ŞAH , 2010, s. 12).
As a result of the investments exhibited by the current management approach, it is seen that
different approaches are needed to produce new solutions. Developed countries aim to
maximize urban traffic efficiency by managing and providing solutions instead of
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responding to demands. With the promotion of more effective, healthy and environmentally
friendly solutions instead of unnecessary investments, public transportation is generally
pioneered, while at the same time deterrent policies are carried out against private vehicles
(Broaddusnon, Litman, & Me, 2009, s. 5). By following the infrastructure with the
understanding of transportation demand management, it will be possible to provide
alternative options for urban transportation by providing continuity to the inner-city central
network and traffic flow through physical improvements that will offer more passengers
instead of vehicles with less investment.
In this context, by complying with the recommendations in the 2025 Pristina Development
Plan, it can be ensured that these applications are used in all intensive centers by sticking to
the TDM understanding with physical improvements in the central public itinerary,
evaluating solutions and managing the main problems (KP, 2013a, p. 196).

Materials and Methods
2.1.Material
The inability of public transportation to show the desired efficiency in the city of Pristina
as a capital, affects the increase in the use of private vehicles. Parking shortages and traffic
congestion are problems that cannot be solved when heading to the city center for different
reasons. Road transportation is available among the alternatives of passenger transportation
and in this context; private vehicle, taxi and public transportation are among the preferences
(Komuna e Prishtinës, 2013a, s. 31).
The Pristina Sustainable Urban Mobility Plan has been designed based on the city’s
development plan. Generally, in-depth analysis of transportation systems and traffic
problems in Pristina was carried out to support the new urban mobility strategy. This
research identified a number of key challenges outlined below regarding urban mobility
throughout the city (KP, 2019a).
Pristina road network, especially the central ring road, needs to be redirected (Fig 1.). This
initiative can be considered as the first step in improving traffic conditions. In addition, by
dividing pedestrian and vehicle movements, it may be possible to increase service levels to
all transportation systems. The road network that passes through the center of Pristina will
be an important step in improving the situation, which is also an important point in
improving continuity with the most reasonable interruptions of traffic flow (KP, 2013, s.
152).

Figure 1 One-way traffic itinerary projected in the inner-city central ring (KP, 2013a, s. 152)
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A number of different scenarios have been developed by consulting the city's stakeholders
within the Pristina Sustainable Urban Mobility Plan. Each of these scenarios is intended
to achieve visions and goals in different conducts.
The scenarios developed are as follows: The First Proactive scenario: focuses on the
development of public transportation across the city through the redirection of traffic flow.
At this level, priority measures are envisaged to support the main corridors, while at the
same time emphasizing that the integrated ticket system can be reached with new guidance
on public transportation. Second scenario: envisages a more balanced approach to
achieving a sustainable traffic flow. It predicts arranging a new network hierarchy
(main/secondary lines) to improve public transportation that is considered as a focal point.
In general, this strategic option leads to the best flow for all road users. Third Maintenance
scenario: generally, it is considered as an approach that will improve the overall road
performance and infrastructure. It prioritizes public transportation as a solution to traffic
congestion. The main element of this strategy is to improve traffic flow, increase the
performance of intersections and to induce public transportation to the most preferred level
(KP, 2019a, s. 36).
Pristina Development Plan 2012-2022 - In three scenarios, Development Plan does not
explicitly recommend editing (Figure 2.) as predicted, however it can evaluate an
arrangement that can perform the objectives that scenarios advocate.

Figure 2 Physical itinerary section of the one-way traffic road network projected in the inner-city
central ring (KP, 2013a, s. 154)

Within the framework of all these developments, ideas and suggestions, data from
different perspectives have also been used to support physical improvements, especially
within the context of the inner-city central ring. The chronological framework leading to
the presented studies is obtainable with the information given in the field of determining
the following.
Infrastructure development - Pristina became Kosovo’s administrative center in 1947.
The construction of institutional and urban infrastructure in Pristina began after the Second
World War. Since 1953, new settlements have been built, while the settlements and artifacts
of cultural heritage have been destroyed (KP, 2013a, s. 28).
Significant developments in the city of Pristina are perceived after 1999. With the urban
transformation, a large part of the city has started to be restructured. In 1965, the "Plan for
Traffic Directive" was completed and the deliberate work for 100,000 people was adopted
in 1967. The purpose of the formalized directive is to prepare and expand the city planning
infrastructure. With the introduction of this directive, urban planning prepared in 1953 was
disrupted. Subsequently, in 1970, the Pristina Institute for Social and Economic
Development designed the "City and suburban settlement program of Pristina". The Pristina
General Plan was illustrated in 1988 and it was effective until 2000 (KP, 2013a, s. 28).
Approved in 2004 and implemented until 2020, the Pristina Strategic Plan is envisaged
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for 4,334.52 km and 650,000 people. Leading to development, this study has been
recognized as a guide until 2020 (KP, 2013a, s. 31). The demographic and general data in
this plan will be able to be used as a source until the studies are renewed.
Demographics, noise and air pollution – As a capital Pristina holds a total of 198,897
inhabitants, 49.8% of whom are men and 50.2% are women based on the last census, due to
the release of new trends after the 1999 Kosovo war (ASK, 2011, s. 134). However, the data
from this census do not match the data on energy consumption, water supply, vehicle
registration and waste collection, which shows that the number of Pristina residents is about
450 thousand. While pursuing business life in Pristina, a large number of people are not
registered, when comparing the 450.000 and 198.000 inhabitants. With an average annual
growth of 1.5%, it is revealed that in 2022 Pristina will have a population of approximately
72,000 more with the natural increase of the population alone. Thus in total, Pristina is
expected to have a population of about 622,000 in 2022. An important phenomenon related
to the population is migration from rural to urban areas within the borders of Pristina
Municipality (KP, 2013a, s. 12). According to the assessment institutes, the dominant age
group in Kosovo is 15-64 years (60%) and 0-14 years (33%) (MSH, 2016, s. 12).
As reported by the Municipality of Pristina, air pollution is mainly available in urban areas
and traffic is an important indicator of air pollution. The same assessment of this issue has
been proven by the studies conducted through the Kosovo Statistical Agency (ASK, 2018,
s. 25).
Noise is another very common event in urban areas (IPH, 2010, s. 47).
The main subject of this study is to provide an uninterrupted flow of traffic through
physical improvements within the framework of the central ring, as well as to develop it as
the most preferred alternative of the urban transportation.
Traffic infrastructure – In this respect, after the 2000s, intercity transportation was
pioneered, while irregular and insufficient investments were made in urban traffic
infrastructure due to budget and management understanding.
Signaling status – Professionally desired arrangements cannot be made due to the lack
of pedestrian trails and the distance of the buildings between the roads. By 2008, 150 trails
were marked vertically, while only 24 roads were marked horizontally. Only 15 light
signaling were made in vertical and horizontal marking at a total of 34 priority intersections.
Intersections - Rotating intersections: Some intersections are arranged as a rotating
intersection with the idea that it offers higher capacity to relieve the density of the inner-city
center. With this type of solution, the flow of heavy traffic is strict. However, due to the
lack of studies, rotating intersections cannot be arranged within the framework of the
required standards. For instance, at some rotating intersections, the road lane and the
intersection lanes do not match. In addition, insufficient signaling near some rotating
intersections does not allow traffic to align before the intersection, which negatively affects
the capacity of the rotating intersection.
Intersections that are signaled by horizontal and vertical marking: Until recent years,
classic intersections +, T and Y were arranged with illuminated signaling and
vertical/horizontal marking before the rotating intersection arrangement was used. Busiest
intersections: “Fehmi Lladrovci”; “Muharrem Fejza”; “Ilir Konushevci”; “Agim
Ramadani”; “Tirana”, “Zagrebi”; “Ahmet Krasniqi”; “Tirana”; “Xheladin Rekaliu”;
“Eqrem Çabej”, “Agim Ramadani”; “UÇK”; “Fehmi Agani”; “Lidhja e Prizrenit”; “Tirana”;
“Fehmi Agani”, “Migjeni”; “Luan Haradinaj”; “Garibaldi”; “Luan Haradinaj” and “Kosta
Novakoviq”.
Illuminated signaling: 17 intersections of the city are equipped with illuminated signaling.
All of these signaling provide services. In the future, there is goal of coordinating
communication with the control center through modern technology, since it has not offered
the desired result in terms of maintenance and evaluation in recent years.

METHOD
The main subject of this study is to provide an uninterrupted flow to traffic with physical
arrangements to be made within the framework of the central ring, while leading and
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developing public transportation as the most preferred alternative to the urban
transportation.
Transportation services that are carried out by public transportation vehicles offer a higher
capacity compared to private vehicles. Therefore, preferring the public transportation
system and making an attractive usage of it especially for the urban central road network
is quite important for the solution of the actual problems. Different solutions may also be
preferred to reduce the density of the central road network in the city, for example, the
movement of private vehicles towards the center may be restricted or blocked (White,
2002, s. 58).
In this regard, we will introduce what kind of priorities we will provide in public
transportation with the current situation within the context of the results obtained on
different studies and surveys, as well as the results of these studies and our suggestions on
the physical arrangements to be made within the framework of the central ring.
The inquired question within the framework of the Sustainable Urban Mobility Plan in
Pristina was, "What is not working properly in Pristina?”. To add meaning to this main
question and to make it easier to understand, a few other issues have been highlighted: illegal
taxis, lack of information and explanation, inadequate access for disabled people, lack of
integrated tickets, lack of reliability and priority in public transportation. “What is right in
Pristina?” has been asked in order to obtain the outline of the positive situation that should
be followed, while the previous question has been asked to reveal the negativities. Again, a
few more issues have been highlighted to add meaning to this main question and to make it
easier to understand: increasing the number of modern buses, reasonable ticket prices,
improvement in bus lines (KP, 2019a, s. 26).
Between May and July 2017, about 1,600 surveys were filled out, providing
comprehensive information on various travel issues. Most responses were received from
people under the age of 45 (almost 85% of total responses). More than two-thirds of
participants are men.
Online surveys and field count was carried out in order to find answers to the main
questions and topics.
The most important reason for home surveys was to obtain a more detailed picture of
urban transportation in Pristina. This survey was also used in some countries of the EU. A
total of 3064 house surveys were conducted between 26 May and 27 July, and the survey,
which was applied to citizens over the age of 15, was one-to-one interviews (KP, 2019a, s.
34).
Subsequently, we have benefited from the survey results of 782 passengers using public
transportation from a different study. The survey and its form with the public transportation
passengers in Pristina are shown in Annex-1. Our survey consists of 8 questions and covers
a total of 36 options.

RESULTS
The fact that Pristina is the capital and the inability of public transportation to show the
desired development affects the increase in the use of private vehicles. Parking shortages
and traffic congestion are problems that arise from different reasons when heading to the
center of the city.
Infrastructure - Different capacities are observed in various parts of the urban road
network. In recent years, road maintenance and arrangements have been carried out
regularly, along with the road segments built in the city. These initiatives are reflected in
the development of traffic flow and safety. Overall arrangements in the combination of
urban main roads are made with illuminated signaling and rotating intersections. Signaling
on newly built roads contributes sufficiently to the flow and safety of traffic. However,
both the flow and the security of traffic are insufficient due to the lack of signaling and
coordination in old road networks. Pedestrian crossings are set only near the intersection,
and are also planned between the intersections according to the need. Another problem is
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the lack of general signaling affecting the capacity of the road network in settlements
outside the city center.
Public Transportation – In order to make public transportation attractive, special lanes,
comfortable and safe stations, sufficient information opportunities, reduced travel time, onestop point-to-destination access during ticket transfer, ticket alternatives and quality service
conditions within the bus transportation should be offered. Despite the lack of fast or private
bus lanes, according to the "2012-2022 Pristina Urban Development Plan",
recommendations were made for the new arrangement with a total of two-way four-lane
road network available within the urban central road ring. Until 2022, one-way traffic
mobility was foreseen to take place over three lanes in the urban central road ring, along
with a single lane for private or high-speed bus station that was envisaged under this ring.
Survey Results – A table of leading options was reached out as a result of a
comprehensive survey to provide an overview of various aspects of traffic and transportation
for Pristina residents, businesses and visitors (KP, 2019a, s. 34).

Figure 3 Online survey result:Transportation Preferences (KP, 2019a,p. 26)

As shown in Figure 3: among the highest response is the private vehicle preference, which
accounts for almost 35%. Public transportation and pedestrian preferences can be
considered as a positive indicator in terms of total demand for sustainable urban
transportation, with a rate of 23.5%.

Figure 4 Online survey result: Reasons to increase bicycle preferences (KP, 2019a, p. 26)

As shown in Figure 4: More than 50% of respondents stated that this transportation system
will be encouraged more among the preferences as a result of the implementation of
advanced cycling infrastructure. Only 16% of the respondents assume that nothing can
encourage them to use this transportation system. Therefore, as a result of improving the
conditions and safety of cycling infrastructure, this transportation system may also be
considered as more stimulus among preferences.
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Figure 5 Online survey result: Reason for Transportation (11579 stakeholders) (KP, 2019a, p. 27)

As shown in Figure 5: According to surveys, 62% of users have indicated that they prefer
the public transportation system more than 5 years ago. The reasons for preferences over
30% are attributed to increased quality in public transportation services. 12% of public
transportation is being preferred due to the lack and inability of parking.
Table 1 will show the results of the survey, which was conducted with 782 passengers on
public transportation.
The category between the ages of 19-35 and 36-65 constitutes a rate over 60%, as the first
question shows. As the second question shows: 0-250 and 251-500 euros constitute over
80% of the monthly income categories. There is a category of around 76% addressed to
the educational and business transportation purposes, as the third question shows. There
are over 80% of the respondents who stated that they preferred public transportation due to
being more economical, faster and lack of parking, as the fourth question shows. Monthly
ticket and electronic card are preferred among the highest
ticket models, constituting almost 70%, as the fifth question shows. 54% declared their
choice of private vehicle preferences instead of public transportation, while 24% would not
prefer neither private vehicle nor business service except public transportation, as the sixth
question shows. 54% appear to be using public transportation every day, as the seventh
question shows (Table 1.).
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DISCUSSION AND PROPOSAL
The focal aspects of traditional approaches to the transportation problem can be gathered
in three main groups: a distorted understanding of productivity, lack of social content and
indifference to environmental problems (Kılınçaslan, Elkler, & Sutcliffe, Kentsel Ulaşım,
2012, p. 255).
As a result of the inability to manage the demands on the central ring of the inner-city,
which we consider as the subject, the density of the road, which is the main corridor in the
central ring, happens to be a different indicator. Within the "Bill Clinton" itinerary, the most
intense traffic flow in both directions is recorded in approximately 48,000 vehicles / 12
hours, close to this situation, on the "Fehmi Lladrovci" itinerary, the same traffic flow is
recorded approximately 33,000 vehicles / 12 hours (KP, 2019a, s. 27). The current state of
the main corridor or collector roads in this subject indicates that 8000 vehicles pass through
the day; as a result, the roads need to be improved (Kılınçaslan, Elkler, & Sutcliffe, 2012, s.
82). These examples require additional capacity in the future due to the inability to manage
the current situation properly, nevertheless it is known that such a solution cannot be
physically available any longer.
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Initially, these approaches to traffic supply have generally improved traffic conditions;
however, this stimulates widespread vehicle use and consequently creates new blockages.
The temporary relief provided by new roads and intersections to overcome these new
blockages generates new additional demands, by creating additional capacity needs that
consume urban area (Kılınçaslan, Elkler, & Sutcliffe, 2012, p. 254)
Instead of short-term and supply-creating solutions within the central ring, as well as the
central ring itself, there is a need for long-term and sustainable uninterrupted traffic flow
and solutions that will lead public transportation, instead of private vehicles. In Figure 3, 4
and 5, applications have been proposed to ensure the development of sustainable traffic
disruption and public transportation, including survey results and comments from
stakeholders.
Other important features that should not be ignored are the provision of a safe and
economical traffic flow (Orhan, 2016, s. 47).
The demographic characteristics of the city should be seen among the pioneers, especially
in Pristina, for the development of transportation alternatives in terms of young population
and income average. Given that this type of transportation is not used efficiently in places
with area restrictions in the city center during the day, we may notice the extent to which
this type of transportation has an impact on the city and society (ELKER, 2002, s. 39).
Apart from the private vehicle, more attractive and more preferred improvements should
be made on public transportation and bicycle alternatives. Through physical arrangements,
it is possible to carry out applications that will emphasize both public transportation and
bicycle transportation.
In addition, time saving / transportation speed is shown as the main reason in the selection
of transportation systems, as a result of the answers given by the respondents with an average
of 33 %. The other one / third stated that they do not have the opportunity to change their
preferred systems due to lack of preferences among the transportation systems (KP, 2019a,
s. 25).
As seen in Figure 3, despite 35% of vehicle preference, the public transportation
preference is over 23.5%, and the other 24% are pedestrian. The advantage given to public
transportation compared to private vehicles and the improvement of the services in this
transportation system can be a pioneer in making public transportation among the most
preferred.
We will evaluate the importance of these improvements in comparison with the survey
results. Shown in Figure 5, 62% of preferences from 5 years ago have been searched as a
result of previous improvements, and we can predict that more comprehensive
improvements will be provided.
Subsequently, there will be less intersections, shorter travels, easier information and
applicability of integrated tickets, which will provide new traffic jams that will be solved by
physical improvements.
We will compare and evaluate the survey results with 782 passengers, which are shown
in Table 1, as a different reference point. As shown in Question 1, the groups with the highest
transportation need between the ages of 19-35 and 36-65 make up 60% of the passengers.
As shown in Question 2, monthly income holders between 0-250 and 251-500 euros make
up 80% of the passengers. As shown in Question 3, those who prefer the public
transportation with the business and education purposes make up 76 % of passengers.
Question 4 accounts for over 65% of passengers who prefer public transportation due to
"more economical and faster" reasons. As shown in Question 5, “long travel time, wage
policies and security at stations” are the key problems of public transportation by over 40%
of the passengers. As shown in Question 6, 70% of the passengers stated the effects of
“monthly ticket and electronic card” model preference. As stated in Question 7, the 24 % of
the passengers indicated that they do not have any preferences other than public
transportation. Finally, as shown in Question 8, 54% of the passengers emphasized that they
use public transportation every day.
According to the table presented in the surveys, it emphasizes the need and importance of
physical improvements that will lead public transportation, which can be achieved through
cheaper and more affordable ticket policies between public transportation, less time loss and
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safer stations.
Scientifically, public transportation is the general name of the systems used in urban
passenger transportation, which is a specific and fixed itinerary, known for its price and time
table, and anyone can benefit from it. The main purpose of public transportation systems, as
a public service, is to ensure that people move from one point to another in the city in the
most economical way (Ilıcalı , Camkesen , & Kızıltaş, 1-2 Aralık 2011).
Applications that are considered to offer alternative options in urban transportation will
be proposed in the study by complying with the infrastructure along the central ring through
the understanding of transportation demand management, via releasing the density of the
city center network on one hand, and providing continuity on the other, through the physical
improvements that will provide transportation of more passengers instead of more vehicles
with less investment.
The central ring belongs to the existing itinerary in Pristina, with a length of
approximately 6 km. Figure 2 demonstrates the physical cross-section width of the inner
central ring consisting of 22m, which is available in many sections for 6 km. Most of the
central ring itinerary is surrounded by pedestrian trail, while there are no physical barriers
for pedestrian road construction in sections without a pedestrian trail. The width of the roads
is different along the central ring itinerary. The strips are generally between 2.5 m–3 m and
the road section has a total width of 19 m–22 meters.

Figure 6. Road section of the current central ring itinerary (KP, 2013, p. 156).

A large part of the central ring strips are separated by green area (Fig.6.). The center ring
itinerary intersects by in-center and out-of-center roads. There are a total of 46 intersections:
31 intersections consists 'T' connections, 8 intersections are '+' and 7 intersections consist of
rotating intersections. There are a total of 26 stops in both directions along the central ring
itinerary. All urban public transportation lines depart from the central ring itinerary. Traffic
density occurs during the current arrangement. Generally, the traffic paralyzes and
complicates the public transportation services during the peak traffic hours. Since public
transportation does not have a special lane application, there is a lot of time loss and low
service level during public transportation. Within the basis of the mentioned conditions,
public transportation services are not preferred in private vehicle encounters. Therefore, the
private vehicle remains the preferred type of transportation for the people of Pristina in urban
transportation. The problem evaluated by the survey results also appears to be related to the
current road arrangement. The reorganization of the central ring can be considered as a
solution in the understanding that the TDM strategy represents.
In the large sections of the central ring itinerary, where there is a possibility of physical
intervention, three lanes for general vehicle routes and one special bus lane are
recommended for public transportation and private public transportation organizations
(Figure 7).

Figure 7 Road section as a result of reorganization of the central ring itinerary

Along the central ring with applications that will solve problems with physical regulation
such as: pedestrian and bike trails, seven transfer stations and ten intermediate stations are
recommended. After the physical change of the central ring, the recommended situation is
summarized section by section in the charts between 9-32, as well as, the proposed
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improvements are shown with drawings between Annex-2 and Annex-26.
Table 2. Description / section as a result of the regulation (1): ANNEX- 2

Road section width (m)
Special bus lane
Lane for overall vehicle
mobility
Bicycle lane
Pedestrian trail

Quantity

Traffic flow direction / Description

Width (m)

1

Clockwise movement

3

Counterclockwise movement

9

2
2

Both sides of the road
Both sides of the road
Physical distinction between SBL and general vehicle
lanes: fence

2
6

Physical separation

1

Transfer stations
Intermediate stations

0
0

3,5

0,75
= 21,25 total

Table 3. Description / section as a result of the regulation (2): ANNEX- 3

Road section width (m)
Special bus lane
Lane for overall vehicle mobility
Bicycle lane
Pedestrian trail

Quantity
1
3
2
2

Physical separation

1

Transfer stations
Intermediate stations

1
0

Traffic flow direction / Description
Clockwise movement
Counterclockwise movement
Both sides of the road
Both sides of the road
Physical distinction between SBL and
general vehicle lanes: fence
To the university dormitory

Width (m)
3,5
9
2
6
0,75
=21,25m total

Table 4. Description / section as a result of the regulation (3): ANNEX- 4

Road section width (m)
Special bus lane
Lane for overall vehicle mobility
Bicycle lane
Pedestrian trail

Quantity
1
3
2
2

Physical separation

1

Transfer stations
Intermediate stations

1
0

Traffic flow direction / Description
Clockwise movement
Counterclockwise movement
Both sides of the road
Both sides of the road
Physical distinction between SBL and
general vehicle lanes: fence
University of Pristina Campus

Width (m)
3,5
9
2
6
0,75
=21,25 m total

Table 5. Description / section as a result of the regulation (4): ANNEX- 5

Road section width (m)
Special bus lane
Lane for overall vehicle mobility
Bicycle lane
Pedestrian trail

Quantity
1
3
2
2

Physical separation

1

Transfer stations
Intermediate stations

0
0

Traffic flow direction / Description
Clockwise movement
Counterclockwise movement
Both sides of the road
Both sides of the road
Physical distinction between SBL and
general vehicle lanes: fence

Width (m)
3,5
9
2
6
0,75
=21,25 m total

Table 6. Description / section as a result of the regulation (6): ANNEX- 6

Road section width (m)
Special bus lane
Lane for overall vehicle mobility

Quantity
1
3

Traffic flow direction / Description
Clockwise movement
Counterclockwise movement

Width (m)
3,5
9
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Bicycle lane
Pedestrian trail

2
2

Physical separation

1

Transfer stations
Intermediate stations

0
1

Both sides of the road
Both sides of the road
Physical distinction between SBL and
general vehicle lanes: fence

2
6
0,75
=21,25 m total

Table 7. Description / section as a result of the regulation (7): ANNEX- 7

Road section width (m)
Special bus lane
Lane for overall vehicle mobility
Bicycle lane
Pedestrian trail

Quantity
1
3
2
2

Physical separation

1

Transfer stations
Intermediate stations

0
1

Traffic flow direction / Description
Clockwise movement
Counterclockwise movement
Both sides of the road
Both sides of the road
Physical distinction between SBL and
general vehicle lanes: fence

Width (m)
3,5
9
2
6
0,75
=21,25 m total

Table 9. Description / section as a result of the regulation (8): ANNEX- 8

Road section width (m)
Special bus lane
Lane for overall vehicle mobility
Bicycle lane
Pedestrian trail

Quantity
1
3
2
2

Physical separation

1

Transfer stations
Intermediate stations

0
1

Traffic flow direction / Description
Clockwise movement
Counterclockwise movement
Both sides of the road
Both sides of the road
Physical distinction between SBL and
general vehicle lanes: fence

Width (m)
3,5
9
2
6
0,75
=21,25 m total

Table 9. Description / section as a result of the regulation (9): ANNEX- 9

Road section width (m)
Special bus lane
Lane for overall vehicle mobility
Bicycle lane
Pedestrian trail

Quantity
1
3
2
2

Physical separation

1

Transfer stations
Intermediate stations

0
0

Traffic flow direction / Description
Clockwise movement
Counterclockwise movement
Both sides of the road
Both sides of the road
Physical distinction between SBL and
general vehicle lanes: fence

Width (m)
3,5
9
2
6
0,75
=21,25 m total

Table 10. Description / section as a result of the regulation (10): ANNEX- 10

Road section width (m)
Special bus lane
Lane for overall vehicle mobility
Bicycle lane
Pedestrian trail

Quantity
1
3
2
2

Traffic flow direction / Description
Clockwise movement
Counterclockwise movement
Both sides of the road
Both sides of the road

Width (m)
3,5
9
2
6
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Physical separation

1

Transfer stations
Intermediate stations

0
1

Physical distinction between SBL and
general vehicle lanes: fence

0,75
=21,25 m total

Table 11. Description / section as a result of the regulation (11): ANNEX- 11

Road section width (m)

Traffic flow direction / Description

Width (m)

Quantity
Special bus lane
Lane for overall vehicle mobility
Bicycle lane
Pedestrian trail

1
3
0
2

Physical separation

1

Transfer stops
Intermediate stops

1
0

Clockwise movement
Counterclockwise movement
Both sides of the road
Physical distinction between SBL
and general vehicle lanes: fence
At Llapi Mosque

3,5
9
0
6
0,75
=19,25 m total

Table 12. Description / section as a result of the regulation (12): ANNEX- 12

Road section width (m)

Quantity

Special bus lane
Lane for overall vehicle mobility
Bicycle lane
Pedestrian trail

1
3
0
1

Physical separation

1

Transfer stations
Intermediate stations

1
0

Traffic flow direction / Description
Clockwise movement
Counterclockwise movement
Both sides of the road
Physical distinction between SBL
and general vehicle lanes: fence

Width (m)
3,5
9
0
3
0,75
=16,25 m total

Table 13. Description / section as a result of the regulation (13): ANNEX- 13

Road section width (m)

Quantity

Special bus lane
Lane for overall vehicle mobility
Bicycle lane
Pedestrian trail

1
3
0
1

Physical separation

1

Transfer stations
Intermediate stations

0
0

Traffic flow direction / Description

Width (m)

Clockwise movement
Counterclockwise movement

3,5
9
0
3

Both sides of the road
Physical distinction between SBL and
general vehicle lanes: fence

0,75
=16,25 m total

Table 14. Description / section as a result of the regulation (14): ANNEX- 14

Road section width (m)
Special bus lane
Lane for overall vehicle mobility
Bicycle lane
Pedestrian trail

Quantity
1
3
0
1

Traffic flow direction / Description

Width (m)

Clockwise movement
Counterclockwise movement

3,5
9
0
3

Both sides of the road
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Physical separation

1

Transfer stations
Intermediate stations

0
0

Physical distinction between SBL and
general vehicle lanes: fence

0,75
=16,25 m total

Table 15. Description / section as a result of the regulation (15): ANNEX- 15

Road section width (m)

Quantity

Special bus lane
Lane for overall vehicle mobility
Bicycle lane
Pedestrian trail

1
3
0
1

Physical separation

1

Transfer stations
Intermediate stations

0
0

Traffic flow direction / Description

Width (m)

Clockwise movement
Counterclockwise movement

3,5
9
0
3

Both sides of the road
Physical distinction between SBL and
general vehicle lanes: fence

0,75
=16,25 m total

Table 16. Description / section as a result of the regulation (16): ANNEX- 16

Road section width (m)

Quantity

Traffic flow direction / Description

Width (m)

Special bus lane

1

3,5

Lane for overall vehicle mobility

3

Clockwise movement
Two lanes moving counterclockwise and
one lane moving clockwise

Bicycle lane
Pedestrian trail

0
1

Physical separation

1

Transfer stations
Intermediate stations

1
0

9
0
3

Next to the bicycle lane
Physical distinction between SBL and
general vehicle lanes: fence

0,75
=16,25 m total

Table 17. Description / section as a result of the regulation (17): ANNEX- 17

Road section width (m)

Traffic flow direction / Description

Width (m)

1

Clockwise movement / Recommended lane needs to
be built

3,5

2

Counterclockwise movement

Quantity
Special bus lane
Lane for overall vehicle
mobility
Bicycle lane
Pedestrian trail

0
1

Physical separation

1

Transfer stations
Intermediate stations

0
0

6
0
3

On the opposite side of the private bus lane
Physical distinction between SBL and general
vehicle lanes: fence

0,75
= 16,25 m total

Table 18. Description / section as a result of the regulation (18): ANNEX- 18

Road section width (m)
Special bus lane
Lane for overall vehicle
mobility
Bicycle lane

Quantity
1
1

Traffic flow direction / Description

Width (m)

Clockwise movement / Recommended lane
needs to be built
Counterclockwise
movement
/
Recommended lane needs to be built

3,5
3

0

0
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Pedestrian trail

0

Physical separation

1

Transfer stations
Intermediate stations

0
0

0
Physical distinction between SBL and
general vehicle lanes: fence

0,75
=7,25 m total

Table 19. Description / section as a result of the regulation (19): ANNEX- 19

Road section width (m)
Special bus lane
Lane for overall vehicle
mobility
Bicycle lane
Pedestrian trail

Quantity
1
3
2
2

Physical separation

1

Transfer stations
Intermediate stations

0
1

Traffic flow direction / Description
Clockwise movement
Two lanes moving counterclockwise and one lane
moving clockwise
Next to the special bus lane
Next to the bicycle lane
Physical distinction between SBL and general
vehicle lanes: fence

Width (m)
3,5
9
2
6
0,75
=21,25 m total

Table 20. Description / section as a result of the regulation (20): ANNEX- 20

Road section width (m)

Quantity

Traffic flow direction / Description

Width (m)

Special bus lane
Lane for overall vehicle
mobility
Bicycle lane
Pedestrian trail

1

3,5

Physical separation

1

Clockwise movement
Two lanes moving counterclockwise and one lane
moving clockwise
Next to the special bus lane
Next to the bicycle lane
Physical distinction between SBL and general
vehicle lanes: fence

Transfer stations
Intermediate stations

0
1

3
2
2

9
2
6
0,75
=21,25 m total

Table 21. Description / section as a result of the regulation (21): ANNEX- 21

Road section width (m)

Quantity

Special bus lane

1

Lane for overall vehicle mobility
Bicycle lane
Pedestrian trail
Physical separation
Transfer stations
Intermediate stations

0
1
0
0
1
0

Traffic flow direction / Description
Clockwise movement / Recommended lane
needs to be built
Next to the special bus lane

Width (m)
3,5
0
1
0
0
= 4,5 m total

Table 22. Description / section as a result of the regulation (22): ANNEX- 22

Road section width (m)
Special bus lane
Lane for overall vehicle mobility
Bicycle lane
Pedestrian trail
Physical separation

Quantity

Traffic flow direction / Description

Width (m)

1
2+2
1
1

Common use of intercity bus lane
Two opposite directions
Two-direction
Next to the bicycle lane
Physical distinction between SBL and general
vehicle lanes: concrete

3,5
12
1,5
2,5

1

0,75
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Transfer stations
Intermediate stations

0
0

=20,25 m total

Table 23. Description / section as a result of the regulation (23): ANNEX- 23

Road section width (m)
Special bus lane
Lane for overall vehicle mobility
Bicycle lane

Quantity
1
2+2
0

Pedestrian trail

2

Physical separation

2

Transfer stations
Intermediate stations

0
1

Traffic flow direction / Description

Width (m)

Common use of intercity bus lane
Two-direction mobility

3,5
12
0

Available from the pedestrian underpass to
the rotating intersection. Due to the lack of
space in the following area, pedestrians will
benefit from the pedestrian trail of a subroad.
Physical distinction between SBL and
general vehicle lanes: fence

6

1,5
=23 m total

Table 24. Description / section as a result of the regulation (24): ANNEX- 24

Road section width (m)

Quantity

Special bus lane
Lane for overall vehicle mobility
Bicycle lane
Pedestrian trail

1
2+3
0
2

Physical separation

2

Transfer stations
Intermediate stations

1
0

Traffic flow direction / Description

Width (m)

Clockwise movement
Two-direction

3,5
15
0
6

Two-direction
Physical distinction between SBL and
general vehicle lanes: fence

1,5
= 26 m total

Table 25. Description / section as a result of the regulation (25): ANNEX- 25

Road section width (m)

Quantity

Special bus lane
Lane for overall vehicle mobility
Bicycle lane
Pedestrian trail

1
4
0
2

Physical separation

2

Transfer stations
Intermediate stations

1
1

Traffic flow direction / Description

Width (m)

Clockwise movement
Two-direction

3,5
12
0
6

Two-direction
Physical distinction between SBL and
general vehicle lanes: fence

1,5
=23 m total

Table 26. Description / section as a result of the regulation (26): ANNEX- 26

Road section width (m)
Special bus lane
Lane for overall vehicle mobility
Bicycle lane
Pedestrian trail

Quantity
1
4
0
2

Physical separation

2

Transfer stations

1

Traffic flow direction / Description
Clockwise movement
Two-direction
Two-direction
Physical distinction between SBL and
general vehicle lanes: fence

Width (m)
3,5
12
0
6
1,5
=23 m total
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Intermediate stations

1

Results
For the past 50 years, every municipality in many countries has carried out some projects
in its own way and based on its facilities, however traffic problems are still unresolved, and
each passing year has become more complex. Different elements affect this situation
indirectly. The main source of the problem can be accepted as a result of the understanding
of management; whereas understanding the essence of the problem by making healthy
diagnoses and producing the right policies, may be effective on overcoming the problems
in the city.
Inclusive solutions have been evaluated for the development and sustainability plan in
Pristina, particularly in line with the objectives of the three scenarios. In this context,
physical improvements have been proposed to the central ring, taking into account such
goals: the redirection of traffic flow, the implementation of the integrated ticket system, the
regulation of a new network hierarchy (main/secondary lines) to improve public
transportation, leading the best flow of all road users according to this strategic option,
improving the overall performance of the road network, prioritizing public transportation as
a permanent solution, improving traffic flow and the performance of intersections as well as
leading public transportation among the most preferred options.
These proposals have been evaluated with TDM strategies, which are considered as a new
understanding to solve urban traffic difficulties. In addition, proposals were made by
prioritizing public transportation and bicycle improvements within the frame of existing
infrastructure and facilities through the Pristina example.
The itinerary was divided into 25 sections and analyzed section by section within the
outline of the physical arrangement proposals of the current Pristina central ring itinerary.
In each section within the basis of the central ring, TDM was adhered to the appropriate
understanding during physical regulation. Proposals have been given in accordance with the
infrastructure of the itinerary and the newly proposed regulations have been shown by
drawings. In the proposal, the current 6 km long center reached a total length of 7 km by
expansion. This arrangement will take place on the 16 m wide road between the two
pedestrian trails (platforms). In this context, three lanes with a width of 3 m have been
proposed for private vehicles, whereas two-way bicycle lanes with a width of 1 m and a total
of 4 km have been also proposed. Physical separation with a width of 0.75 m has been
anticipated to separate the 5 km long and 3.5 m wide private bus lane and the special vehicle
lanes from the special bus lane. As a result of the new arrangement, there are a total of 17
public transportation stations within the framework of the central ring, 7 of which are
designed as transfer stations. Other stations are called intermediate stations, which offer a
possibility of transfer to additional stations.
As a result, flexible but easy-to-perform projects from irreversible high-budget investments,
as well as lightweight physical corrections from investments that force infrastructure
opportunities-operating understanding-solutions using legal mechanisms have been
preferred in accordance with TDM understanding. Intersections along the central ring have
been reduced, special lanes for public transportation has provided the opportunity to create
new itinerary, integrated passenger / ticket stops have been envisaged to facilitate the
objectives, bicycle lanes and central ring, as well as the inner city and bicycle-accessible
areas have been offered the opportunity to apply a large bicycle network.
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Recommendations made as a result of physical improvements along the central public
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Water reuse in collective and business buildings
Blertë Retkoceri, Skender Bublaku
UBT – Higher Education Institution, Lagjja Kalabria, 10000 p.n.,
Pristina, Kosovo

Abstract. Kosovo is estimated to have limited surface and subsurface water resources and
is classified as such in a group of water stress states. To meet the shortages of these resources
but also for environmental and economic reasons, water reuse is now considered as a good
opportunity to meet the shortages. Reuse is defined as the reuse of water used by objects,
water that can be collected from roofs, other surface and groundwater in and around objects.
This paper deals with Object IV on the UBT Campus in Lipjan and analyzes the feasibility
of meeting the water requirement from the facility's reuse of water and the use of rainwater
from the roof along with the facility's drainage water. To determine these quantities and the
manner of use, Object IV designed the supply and disposal system for the water to be used
for drinking, the removal of wastewater, gray water, the collection of rainwater from the
roof and drainage water from the object. The IV object of the UBT campus in Lipjan is
designed for a 5257 m2 of basement and roof area. The water coming out of the sinks that
will be used for reuse will be designed separately from the sewage. Also, a reuse system for
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laundering toilets was set up separately from other sanitary supplies. Drinking water
requirements for Object IV are estimated at 4.8 l / s while the discharged water used may
range from 30-60 l / s. Rainfall calculation for a 50 year iteration with duration of 3 minutes
maximum will be 4 mm which implies that the maximum amount of conveyance of the roof
rating par 5257 m2 is 116.8l/s, while the load for a vertical is 4.8 l/s. The maximum
groundwater flow from drainage into and around the object provides an estimated 7.5 l/s.
From the analysis of the results of water quantities, thay are calculated the volumes that can
be reused by gray, rainwater and groundwater: From the reuse of gray water generated by
the sinks of the facility it is possible to provide about 27 m3 per day of service to be used
for washing in the toilet. From rainwater that can be reused and from groundwater these
volumes are 1260 and 54 m3 respectively. This volume will provide services for the desired
greenfield conservation plot of approximately 1 ha and a valuable reserve for emergencies
such as fire. The results of the paper indicate that it is possible to obtain a valuable amount
of water from reuse of waste water, rainwater utilization and drainage that will meet the
severe shortage of water. Also, potential water use has a positive environmental impact and
reduces the economic cost of water use. This paper suggests authorities dealing with the
definition of construction criteria in Kosovo to look at the possibility of applying again the
criteria for water reuse, especially urban areas in buildings with large surfaces.
Keywords: - water demand, gray water, rain water, drainage waters, reuse.

Introduction
Reuse of water as a concept has arisen as a result of the continuous increase in water
demand in areas with limited reserves and using a reason for environmental protection but
also an economic aspect that can produce water reuse. Some of the main reasons for
undertaking such a study are:
● Kosovo enters with 1,600-1,700 m3 of water per capita per year, in the group of
countries with water stress
● The area where facility IV will be built is an area where groundwater is scarce or
their depth makes use at a very high cost and the reuse of used water, rain and
groundwater is a good alternative to facility IV but also for the entire UBT
campus in Lipjan.
● There is no specific study in Kosovo on water reuse and this study may advance
the options for water reuse in other new facilities that can be built but also for
existing ones.
This paper aims to provide answers to the possibility of reuse of used water, use of
rainwater from roofs and groundwater. This paper also aims to advance research and
scientific work in areas similar to what the study addresses, giving it an applied character
in the field of use and management of water resources, economy and environment.
The study is built on ten chapters making the introduction as the first chapter:
In the second chapter: the literature used during the preparation of the paper is treated.
In the third chapter: the problem is addressed including the importance and problems
with water resources, definition, physical, chemical characteristics as well as the amount
of gray water that is generated.
Also in this chapter is treated the field of use and methods of treatment of gray waters
In the fourth chapter: deals in detail with the case of object IV, initially with the
description of the location, object and hydrosanitary equipment.
In this chapter are also presented the tables that include the calculations of hydraulic
parameters, dimensioning of all systems for supply and drainage of water from object IV.
In the fifth chapter: the method applied for the preparation of the paper is presented.
In the sixth chapter: the results of the study of object IV are presented, which means the
presentation of the volume that can be collected and accumulated as well as the volume
that can be reused.
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One of the most important parts of the paper is the presentation of the utilization options,
the volume of the reservoir and the water reuse scheme for facility IV.
In the seven chapter: the study drew conclusions and recommendations.

Definition of reused water – Graywater
There are several definitions of gray water in the literature:
● Sewage from bathrooms, showers, sinks, washing machines, dishwashers,
laundry and kitchen sinks.[5]
● Sewage without any access from toilets, which means that it corresponds to the
sewage produced in bathtubs, showers, washing machines and kitchen sinks, in
homes, buildings, offices, school. [5]
● Sewage from buildings without including sewage from the toilet
Sewage from kitchen sinks and dishwashers is sometimes excluded from gray water
sources due to the possibility of introducing microbial contaminants and / or oils and fats
that may adversely affect the receiving environment.

Characteristics of gray waters
The composition of gray water varies, it is mainly a reflection of the lifestyle, depending
on the type and choice of chemicals used for laundry, cleaning and washing.
The most important contaminant of gray water is laundry detergent, especially those rich
in sodium and phosphorus.
Based on the origin, gray waters are divided into four categories:
1. Bathroom
2. Washing machine
3. Kitchen and
4. Mixed origin.
The composition of gray water depends on several factors, including sources and
installations from which water is extracted such as:
✔ Quality and type of water supply (groundwater well or pipe water)
✔ Type of distribution network for drinking water
✔ Family activities (lifestyle, habits and use of chemical products)
✔ Installation from which gray water comes out (kitchen sink, bathroom, sink or
laundry)
✔ The amount of water used in relation to the amount of substances discharged.
It is estimated that the normal use of products such as soap, shampoo, toothpaste, shaving
cream, food scraps, cooking oils, dishwashing detergent, laundry detergent, hair, do not
seem to harm garden soil and plants if the water gray are used for garden irrigation [6].

Possibility for reuse of gray waters
In developed countries, gray water is reused for a whole range of applications [7]:
✔ Rinsing and cleaning the toilet
✔ Lawn irrigation (college campuses, athletic fields, cemeteries, parks and golf
courses, home gardens),
✔ Car cleaning and windows,
✔ Fire protection,
✔ Concrete production
✔ Development and conservation of wetlands
✔ Water infiltration into the ground
✔ agriculture and viticulture
The most common uses with the highest potential for saving (drinking) water are the two
main areas in flushing-cleaning the toilet and in irrigating especially the gardens.
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Gray water treatment systems
Usually three stages of treatment are prescribed:
1. Primary Treatment
In primary and mechanical treatment, a part of the impurity of wastewater is mainly removed
from the wastewater (large and heavy waste, fats and oils, quickly suspended matter).
Tabele 3. 1 Reduction of pollution from primary treatment
(% ) Reduction of pollution from primary treatment

SHBO5 (Five-day biochemical expenditure
of Oxygen)

%

25-35

SHKO (Chemical Oxygen Consumption)

%

30-40

TSS (Total concentration of suspended
matter)

%

50-80

2. Secondary Treatment
This treatment removes floating and stable solids as well as about 90% of oxygen-seeking
substances and suspended solids.
Disinfection is the final stage of secondary treatment. The level of removal of water
pollution from secondary treatment is as in Table
Tabele 3. 2 Reduction of pollution from secondary treatment
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(%)Reduction of pollution from secondary treatment (Biological)
SHBO5 Five-day biochemical expenditure of
Oxygen

%

25-40

SHKO (Chemical Oxygen Consumption)

%

25-35

TSS (Total concentration of suspended
matter)

%

40-70

mg/l

25-75

Bacteria

3. Tertiary or advanced treatment
Ky trajtim largon lëndë ushqyese të punojë si fosfori, azoti, shumica e BOD dhe solideve
të pezulluara.
The values determined according to the administrative instruction and the European
Directive on the limiting value of the effluent and the treatment efficiency are given below
in Table
Tabele 3. 3 Restrictive values of wastewater discharge according to
UA 30/2014
Restrictive values of wastewater discharge according to
UA 30/2014
BDO5
mg/l
25
COD

mg/l

125

TSS

mg/l

35

NTot

mg/l

15

PTot

mg/l

2

Reuse of water from the UBT campus
UBT University Campus is located in the central part of Kosovo, Municipality of Lipjan
and is considered the largest campus in Kosovo.
The building treated in this study is one of the campus facilities that has an area of 28,000
m2 and is foreseen to be a modern object, designed and modeled in that form and
construction structure, suitable for work, lectures, practical work, classrooms, cabinets,
reading libraries, book libraries but also electronic libraries, amphitheater, concert hall,
rooms and halls, administration rooms, toilets, kitchens, buffets, mini restaurants and
many other offices which are foreseen to be part of the structure of the four-storey
building and the ground floor (Figure 4.2).
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Figure 4.1 The position of the UBT campus in relation to the Capital and other cities as
well as the position of Object IV within the Campus.
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Figure. 4.2 Situation of the building IV, part of the study
6.1 Hydro-sanitary equipment that consumes water and removes used water
The type of sanitary equipment according to the main project that will be placed in facility
IV are presented in table 4.1.
Paisjet Sanitare

Table 4. 1 Hydro-sanitary equipment in building IV
Përdhesa
Kati 1
Kati 2
Kati 3
Kati 4

Sink
25
53
WC-Guaca
46
77
Pisuar
12
18
Vasko Banjo
/
20
Washing Dishes
1
9
Dishwasher
1
1
6.2 Water supply for the object IV

53
77
18
20
9
1

53
77
18
20
9
1

53
77
18
20
9
1

Total
Paisje
237
354
84
80
37
5

The water supply of the UBT campus is done through the public water supply system that
is administered by the public water company KRU Prishtina.
The complete water supply system of the facility consists of the external water supply
network that includes the transport system from the connection point to the public water
supply network to the entrance of the facility and the internal water supply network that
parks the water distribution system through each unit. consumer.
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Figure 4. 1 Drinking water supply network and connection to the Hydrant network

Figure 4. 2 Schematic representation of the layout of water pipes in a segment of the
bathroom on the ground floor.
6.3 Discharge and use of wastewater
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In total, it is planned to install 23 verticals in the facility that will remove sewage from the
entire facility, except for the water that is supposed to be reused and which is the sink
water from the ground floor of the facility

Figure 4. 13 Drainage system and large water from toilets on the ground floor
The removal of sewage in the object from the verticals is done through horizontal
segments of pipes that dump the sewage in the external sewerage of the object from where
they leave in the existing sewerage well in the Campus complex.

Figure 4. 15 External sanitary sewerage network for object IV
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6.4 Gray waters for object IV
In order to use the water used by the facility, the internal and external network of pipes has
been designed that will collect the quantities of water from the sanitary elements which
discharge the gray waters.

Figure 4. 16 External sewerage network for gray water removal in building IV
The rainwater drainage system from the roofs consists of horizontal catchments - Gutters
that are designed to be made of copper material and will discharge water from the roof
surface to the verticals,
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Figure 4. 17 Horizontal and vertical network of rainwater catchments from the roof

Figure 4. 18 Verticals and external rainwater drainage network from the roof
6.5 Drainage
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In the case of building IV, due to the contribution that may come from the ponds outside
the area of the building, a catchment area of 5000 m2 has been calculated that would
collect the quantities of water in the drainage system of the building.
In total the amount of water for this area calculating for 1.5 l / s per 1000m2 would be 7.5 l
/ s.

Figure 4. 19 Internal and external drainage network of the object
6.6 The volume of water that can be reused
In this studyare analyzed three main components of recyclable water collection:
a)

Reuse of gray water coming out of the sink of the facility

b) Reuse of atmospheric water from the roof of the building
c)

Reuse of groundwater drainage
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Figure 6. 1 Internal and external drainage network of the object

Conclusions and Recommendations
The results of the paper draw conclusions from the analysis, calculation and options for
water reuse for object IV on the UBT campus in Lipjan:
1.

That through the reuse of gray water generated by the sink of the object it is
possible to provide about 27 m3 of water per day, which will be used for flushing
the toilet.

2.

From the collection of rainwater from June to September it is possible to use a
considerable amount of water of 1,260m3 that would be used in the maintenance
of about 1ha of green area, cleaning of asphalt areas and concrete in the UBT
complex.

3.

Estimation of the amount of water that can be collected and used from
groundwater around the object is about 54 m3.

4.

The optimal volume of the collection tank that would provide a fulfillment of the
daily requirements for toilet flushing, irrigation, surface cleaning and increase
safety for the amount of water for fires is 160-170 m3.
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5.

That with the method of water use and the model of groundwater drainage are
eliminated the possibilities of floods and the negative impact of water on the
structure of the foundations and the object.
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Finding the optimal cross section shape of the columns of a
multi-story reinforced concrete structure in terms of
structural behavior and technical – economical perspective.
Egla Luca, Hysnie Jashari
UBT – Higher Education Institution, Lagjja Kalabria, 10000 p.n.,
Pristina, Kosovo
{ egla.luca@ubt-uni.net }. { hj39916@ubt-uni.net }

Abstract. With the growth of population every year, more and more increases the role of
high-rise structures, and therefore the design of these structures should have a greater
importance. Earthquake plays and important role in shaping the structural elements of a
building. The biggest damage to buildings occurs due to columns damage, which comes
because of their wrong design. This research will analyze the effect of specific cross section
column shapes in the global performance of a RC building. In this paper, we will analyze
the structural and technical-economic performance of a 20 story building in Pristina Kosovo.
A comparison will be conducted between different cross section shapes of columns, this to
find the most optimal cross section shape in terms of seismic and technical economic
performance. For each specific cross section shape, we will analyze the economic value,
based on the market value in Kosovo, and the seismic performance. These two components
will play a key role in determining the optimal cross section shape of the inner columns of
a high-rise building.
Keywords: Reinforced Concrete Columns, Seismic Design, High-rise buildings, Crosssection,Technical – economic analyz
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Introduction
The suburbs of Prishtina, as a space in the central part of the Balkan Peninsula, have traces
of habitation since the Neolithic period. Prishtina in 1874 had built the first train station, a
building built by the British.
Pristina was declared the capital of Kosovo in 1947. In 1953, an urban plan was developed
for a 'modern' city of 50,000 inhabitants, on the ruins of the old city. During the 1950s to
the 1980s, under the motto "destroy the old and build the new", parts of the city's
neighborhoods were demolished to build residential, administrative, health, school, squares
and monuments.
This period is known for large investments in the capital, where neighborhoods such as
Bregu i Diellit, Dardania, Ulpiana have been built.

While buildings such as the National Library of Kosovo, Rilindja Media Building and the
Youth Palace named Boro and Ramizi were also built at this time.
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Since 1999 Prishtina has seen major changes in infrastructure and organization. Due to the
growing demand for urban influx, new neighborhoods have been created, while many old
residential neighborhoods have been reorganized into multi-storey neighborhoods. Prishtina
today is in the process of planning, reorganizing, and rediscovering at the institutional level.
With efforts to conserve cultural heritage buildings that are traces of the history of the face
of the city. And with ambitious new projects for modern neighborhoods, institutional
buildings, parks, cultural, recreational and sports buildings and with public spaces.
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By increasing the height of building it becomes susceptible to lateral loads such as
earthquake and wind.
Based on strong column- weak beam design concept, columns should be stiff compared to
beams to prevent shear mode of deformation of the structure. Selection of appropriate shape,
size and orientation for columns in building are the main factors which control the overall
stiffness of the building structure. In addition to providing lateral stiffness, columns are
responsible for deflection shape of the building structure. The main aim of the current paper
is to find the optimal cross section shape of the columns of a multi-story reinforced concrete
structure in terms of structural behavior and technical – economical perspective.
A 3G + P + 19-storey RC building has been modeled in ETABS software with different
cross section column shapes: square shape, rectangular shape and circular shape to reveal
the most optimal cross section shape in terms of seismic and technical economic
performance structural behavior.
In the first case (M-1) we have acquired the center columns with cross section in square
shape, in the second case (M-II) we have acquired the center columns with cross section in
rectangular shape, and in the third case
(M-III) we have acquired columns with cross section in a circular shape.
So in all three cases, all the other constructive elements remain the same, only the center
columns change.
The Response Spectrum analysis of each building model has conducted to find the base
shear, lateral displacement, inter-storey drift and time period. The analytical result of each
model has compared in terms of Base shear, top storey displacement, storey drift and time
period.

PROJECT DESCRIPTION
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For the given object with dimensions (axes) of the base A = 68 m 'and B = 36 m' and n =
20 floors, with floor height h = 3.2 m 'and ground floor height hp = 7m', the main project
has been worked , phase - design of the constructive system.
After preliminary dimensioning and load analysis, static, seismic and economic analysis
was performed in three possible cases for this object.
In the first case (I) we have acquired the center columns with cross section in square
shape, in the second case (II) we have acquired the center columns with rectangular cross
section, and in the third case (III) we have acquired columns central transverse section in a
circular shape.
So in all three cases, all the other constructive elements remain the same, only the center
columns change.
Given that the wind has a significant impact on high buildings, the wind is calculated
according to Eurocod1.
Modeling, static and seismic analysis was performed with the ETABS program, while
economic analysis based on the Kosovo market.
After static, seismic and economic analysis for all three cases, a comparison was made
between them and for the most optimal seismic and economic case, the details of steel
were worked out.

PRELIMINARY DIMENSIONING
Object height:
𝐻 = ℎ𝑝 + ℎ𝑘𝑎𝑡 ∗ 𝑛 = 7 + 3.2 ∗ 19 = 67.8𝑚
Building foundation:
1 1
1 1
𝐿𝑓 = ( ÷ ) 𝐻 = ( ÷ ) 67.8 = (9.68 ÷ 8.47)𝑚
7 8
7 8
𝐿𝑓 = 9𝑚, ℎ𝑘𝑎𝑡,𝑓 = 3𝑚, 𝑛𝑓 = 3𝑚
𝐿𝑓 = ℎ𝑘𝑎𝑡,𝑓 ∗ 𝑛𝑓 = 3 ∗ 3 = 9𝑚
Expansion of the building in the part of the foundation:
1 1
1 1
𝑏0 = ( ÷ ) 𝐵 = ( ÷ ) ∗ 36 = (9 ÷ 6)𝑚
4 6
4 6
𝑏0 = 6𝑚
Slab:
𝑎∗𝑙
𝑑

≤ 30;

ku a=0.8→ coefficient for continuous slabs;
l=800cm→ solet slab
𝑑=

𝑎 ∗ 𝑙 0.8 ∗ 800
=
= 21.33𝑐𝑚 ≈ 22𝑐𝑚
30
30

h sol = d + a = 22 + 3= 25cm
ℎ𝑠 =25cm
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Deep beams:
𝑙

𝑙

8

12

ℎ

ℎ

80

2

3

2

ℎ=( ÷

)=(

𝑏=( ÷ )=(

800
8

÷

800

80

÷

3

12

) = (100 ÷ 66.66)cm ⇒h=80cm

) = (40 ÷ 26.66)cm⇒b=40cm

b*h=(40*80)cm

Column:
Center columns
𝐹𝑛𝑒𝑣 =

𝑁
0.65 ∗ 𝑓𝑐𝑑

𝑓𝑐𝑑 → 𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑣𝑒 𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒 𝑓𝑜𝑟 𝑐𝑦𝑙𝑖𝑛𝑑𝑟𝑖𝑐𝑎𝑙 𝑠𝑝𝑒𝑐𝑖𝑚𝑒𝑛𝑠, 𝑓𝑜𝑟 𝑓𝑐𝑘
= 25000 ⇒
𝑓𝑐𝑑 =

𝑓𝑐𝑘 25000
=
= 16700𝑘𝑁/𝑚2
1.5
1.5

𝑁 = 𝑛 ∗ 𝑆 ∗ 𝑃 → 𝑎𝑥𝑖𝑎𝑙 𝑓𝑜𝑟𝑐𝑒𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑐𝑜𝑙𝑢𝑚𝑛 𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 𝑙𝑜𝑎𝑑 𝑃 = 1.5 − 2

𝑇𝑜𝑛
𝑚2

P=1.8 Ton/𝑚2 =18kN
𝑛 = 23 → 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑙𝑎𝑏𝑠
𝑆=

(800 + 800) (800 + 800)
∗
= 640000𝑐𝑚2 𝑜𝑟 𝑆 = 64𝑚2
2
2

N=23*64*1.8=2649.60 Ton or N=26496 kN
𝐹𝑛𝑒𝑣 =

𝑁
26496
=
= 2.44𝑚2
0.65 ∗ 𝑓𝑐𝑑 0.65 ∗ 16700

We accept:
I. Column with square cross section (1.6 * 1.6) m
II.Column with rectangular cross section (1.3 * 1.9) m
III.Column with circular cross section (D = 1.8 or r = 0.9) m
Corner columns
𝐹𝑛𝑒𝑣 =

𝑁
0.65 ∗ 𝑓𝑐𝑑

𝑓𝑐𝑑 → 𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑣𝑒 𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒 𝑓𝑜𝑟 𝑐𝑦𝑙𝑖𝑛𝑑𝑟𝑖𝑐𝑎𝑙 𝑠𝑝𝑒𝑐𝑖𝑚𝑒𝑛𝑠, 𝑓𝑜𝑟, 𝑓𝑐𝑘
= 25000 ⇒
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𝑓𝑐𝑑 =

𝑓𝑐𝑘 25000
=
= 16700𝑘𝑁/𝑚2
1.5
1.5

𝑁 = 𝑛 ∗ 𝑆 ∗ 𝑃 → 𝑎𝑥𝑖𝑎𝑙 𝑓𝑜𝑟𝑐𝑒𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑐𝑜𝑙𝑢𝑚𝑛 𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 𝑙𝑜𝑎𝑑 𝑃 = 1.5 − 2

𝑇𝑜𝑛
𝑚2

P=1.8 Ton/𝑚2 =18kN
𝑆=

600 600
∗
= 90000𝑐𝑚2 𝑜𝑟 𝑆 = 9𝑚2
2
2

For ground floor
𝑛𝑓 = 3 → 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑙𝑎𝑏𝑠
N=3*9*1.8=48.6 Ton ose N=486kN
𝐹𝑛𝑒𝑣 =

𝑁
486
=
= 0.045𝑚2
0.65 ∗ 𝑓𝑐𝑑 0.65 ∗ 16700

We accept: Columns with square cross section b*h=(0.25*0.25)m
For all floors
𝑛 = 23 → 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑙𝑎𝑏𝑠
N=23*9*1.8=372.6 Ton ose N=3726 kN
𝐹𝑛𝑒𝑣 =

𝑁
3726
=
= 0.34𝑚2
0.65 ∗ 𝑓𝑐𝑑 0.65 ∗ 16700

We accept: Columns with square cross section b*h=(0.6*0.6)m
Perimeter columns
𝐹𝑛𝑒𝑣 =

𝑁
0.65 ∗ 𝑓𝑐𝑑

𝑓𝑐𝑑 → 𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑣𝑒 𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒 𝑓𝑜𝑟 𝑐𝑦𝑙𝑖𝑛𝑑𝑟𝑖𝑐𝑎𝑙 𝑠𝑝𝑒𝑐𝑖𝑚𝑒𝑛𝑠, 𝑓𝑜𝑟 𝑓𝑐𝑘
= 25000 ⇒
𝑓𝑐𝑑 =

𝑓𝑐𝑘 25000
𝑘𝑁
=
= 16700 2
1.5
1.5
𝑚

𝑁 = 𝑛 ∗ 𝑆 ∗ 𝑃 → 𝑎𝑥𝑖𝑎𝑙 𝑓𝑜𝑟𝑐𝑒𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑐𝑜𝑙𝑢𝑚𝑛 𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 𝑙𝑜𝑎𝑑 𝑃 = 1.5 − 2

𝑇𝑜𝑛
𝑚2

P=1.8 Ton/𝑚2 =18kN
𝑆=

(800 + 800) 600
∗
= 240000𝑐𝑚2 𝑜𝑟 𝑆 = 24𝑚2
2
2

For ground floor
𝑛𝑓 = 3 → 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑙𝑎𝑏𝑠

48

N=3*24*1.8=129.6 Ton ose N=1296 kN
𝐹𝑛𝑒𝑣 =

𝑁
1296
=
= 0.12𝑚2
0.65 ∗ 𝑓𝑐𝑑 0.65 ∗ 16700

We accept: Columns with square cross section b*h=(0.4*0.4)m
For all floors
𝑛 = 23 → 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑙𝑎𝑏𝑠
N=23*24*1.8=993.6 Ton or N=9936 kN
𝐹𝑛𝑒𝑣 =

𝑁
9936
=
= 0.92𝑚2
0.65 ∗ 𝑓𝑐𝑑 0.65 ∗ 16700

We accept: Columns with square cross section b*h=(1.0*1.0)m
Foundation slab:
1. h ≥

𝑁
2∗(𝑎+𝑏)∗𝑅𝑝𝑟

=

2304∗103

=296cm

2∗(160+160)∗14

2. hpll≥50∮
Assume that the maximum thickness of the steel ∮28𝑚𝑚
hpll≥50*2.8=140 cm
3. hpll = m*£1+£2
£1=0.08 £2 =0.4m
m- 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑙𝑎𝑏𝑠
hpll=m*£1+£2 =20*0.08+0.4=200cm
We accept: ℎ𝑝𝑙𝑙 =200cm
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TECHNICAL DESCRIPTION
According to the height and dimensions of the base of the building, the foundation of the
building is determined to be done at 9 meters depth, where 3 basement floors with 3m
height have been acquired which are intended to be used for parking, and the base of the
building has been expanded in part of foundation for 6m due to the encrustation of the
building with land.
M-1 Ground floor with square cross section column shapes

M-1 Base storey with square cross section column shapes
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M-2 Ground floor with rectangular cross section column shapes

M-2 Base storey with rectangular cross section column shapes
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M-3 Ground floor with circular cross section column shapes

M-3 Base storey with circular cross section column shapes
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Building 3B + P + 19, is intended to be constructed mainly of elements of Reinforced
Concrete with concrete class C25 / 30.
Foundation slab-massive slab with thickness d = 200cm, while medium-sized slabs at the
level of -6.00,-3.00 and 0.00 are foreseen to be realized with B.A soles with thickness t =
25cm
Massive slab

Slabs between floors are determined to be made with slab filled with cutting dimensions
hpl = 30, upper plate thickness t = 5cm and rib height hbr = 25cm, while distance from rib
to rib (measured from the axis of the solta rib) ) is l = 50cm.

As vertical supporting elements according to the preliminary dimensioning we have
columns from BA with Concrete class C25 / 30 with dimensions:
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Center columns
M-1:(160*160)cm

Corner columns
For ground floor
above

Beams

Flors above

M-2:(190*130)

M-3D=180cm

Perimeter columns
For ground floor

Flors

The walls of the elevator cage
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For the realization of all constructive elements, concrete with class C25 / 30 and ribbed
reinforcement S400 / 500 have been acquired.
Because the object is not in contact with aggressive environments, the protective layer of
the reinforcement is acquired a = 30mm.
The non-supporting elements that serve us for the division of spaces and thermal and
acoustic insulation on the floors of the building, are designed from light ceramic bricks.
In the lower part of the 3 floors, concrete walls have been acquired which serve for
considerable rigidity of the building and also for reduction of static impacts on the
foundation slab.

LOAD ANALYSIS
A.Dead load
Loads on slabs at the level of 0.0 m, -3m, -6m and -9m
0.02 x 23 = 0.46 kN/m2
0.02 x 22 = 0.44 kN/m2
0.01 x 6 = 0.06 kN/m2
0.02 x 22 = 0.44 kN/m2
0.02 x 18=0.36 kN/m2
G = 1.76 kN/m2
Loads on slabs at the level of 0.0 m
0.02 x 23 = 0.46 kN/m2
0.02 x 22 = 0.44 kN/m2
0.25 x 0.05= 0.0125 kN/m2
0.015 x 18=0.27 kN/m2
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G = 1.18 kN/m2
Loads from partition walls
G = 3.3 kN/m2
Roof loads
0.1 x 20 = 2.0 kN/m2
0.1 x 19 = 1.9 kN/m2
0.01 x 18 = 0.18 kN/m2
= 0.10kN/m2
Roof loads G =4.18 kN/m2
Soil pressure in concrete walls
Ka = tg2 (45-ϕ/2)
ϕ=30°
p= 5.0 kN/m2 ; γ = 19 kN/m2
h`= p/γ = 0.263
Ka = tg2 (45-ϕ/2) = 0.333
Pa0 = γ x h` x ka = 19 x 0.263 x 0.333 = 1.665 kN/m2
Pa1 = γ x h x ka = 19 x 9 x 0.333 = 56.943 kN/m2
Loads on the stairs
0.04x27=1.08 kN/m²
0.02x21=0.42 kN/m²
0.02x21=1.08 kN/m²
G=1.92 kN/ m²
Stairs
0.04[(0.28+0.02x2)+0.02(0.175-0.04)]x27x1/3=0.116kN/m²
0.02x(0.28+0.175)x21x1/3=0.0636 kN/m²
1/2x0.28x0.175x24x1/3=0.195 kN/m²
G=0.374 kN/m²
B. Live load
Depending on the destination of the facility, from EC-1 we read the temporary loads.
For a residential building - category A we read:
Residential floors
Q=1.5 kN/m2
Ground floor (service floor)
Q=5 kN/m2
Basement floors (garages)
Q=3 kN/m2
Stairs
Q=3 kN/m2
Snow

𝜇𝑖 - The snow load form factor is taken 0.8
𝐶𝑒 - Characteristic value that depends on altitude
𝐶𝑡 - The exposure coefficient for snow of normal intensity is obtained 1.0
- The thermal coefficient for most roofs and is obtained 1.0
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= 0.8 x 1.0 x 1.0 x 1.0 = 0.8 kN/m 2
Wind
Wind pressure calculates according to:
We=qref ce(ze)cpe
qref - reference wind pressure
ce(ze) - exposure coefficient
ze - reference height for external printing
cpe - external pressure coefficient
Basic wind pressure:
qb= ρ/2 v2ref
ρ – air density
ρ=1.25 kg/m3=0.0125 KN/m3
vref = cDIR cTEM cALT vref,0
cDIR = cTEM =cALT = 1.0
vref – reference wind speed,
vref,o – basic value of reference wind speed,
cDIR - steering factor
cALT - the fact of altitude
We accept: vref,0=25 m/s
vref = vref,0
qb= ρ/2 v2ref = 1/2 (0.0125 KN/m3) (25 m)2 = 0.39 KN/m2

Coefficient of roughness:Cr(z)=kr ln(z/z0) për zmin ≤ z ≤ 200 m
For the third category III (Suburban neighborhoods, industrial areas and permanent
forests) :
kr =0.22, z0=0.30 , zmin= 16, ε=0.37
In our case we have b=68m, h=67.8m, d=36m
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So according to Eurocod1 we have the case h<b ⇒z=h=67.8m
Cr(z=67.8)=0.22 ln (67.8/0.3)=1.192
Topographic coefficients: c0(z)=1
Turbulence factor: kI =1.0
Striking coefficient: g=3.5
The intensity of turbulence is determined by the expression:
𝐼𝑣 (𝑍) =

𝑘𝐼
𝑍
)
𝑍0

𝐶0 (𝑧) 𝑙𝑛(

=

1
1𝑥𝑙𝑛(

=0.184

67.8
)
0.3

The pressure speed at the top is calculated according to the expression:
𝑞𝑝 (𝑍=67.8) = c2r(z) c2O(z) [1+2gIv(z)]= 1.1922x 1.22x [1+2x3.5x0.184]=4.678
The exposure factor from the expression is now set:
𝑞𝑝

ce(z)=

(𝑧)

𝑞𝑏

=

4.678
0.39

=11.99

Wind pressure is determined for different areas of action in the object and depending on
the exposure coefficient
, the wind will be in suppression or suction. The wind action
zones in the building are defined in EUROCODE 1 according to the following sketch:

e=b ose e=2h
e=68m ose e=135.6m⇒e=68m
d=36m<e=68m

d/h=36/67.8=0.53⇒d/h<1
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A=e/5=68/5=13.6⇒Cpe= Cpe,10
Now the wind pressure in certain areas will be: We(z)= 𝑞𝑝 (𝑍) xCpe
Zone D – suppression:Wesh(z=67.8)=4.678x0.8=3.742kN/m²
Zone E – suction: Weth(z=67.8)= 4.678x(-0.3)=-1.403 kN/m²
Zone A – suction:Weth(z=67.8)= 4.678x(-1.0)=-4.678 kN/m²
Zone B – suction:Weth(z=67.8)= 4.678x(-0.8)=-3.742 kN/m²

COMBINATION OF LOADS
The combination of loads and reliability factors are taken according to the norms
European which are respectively:
Combination I 1.35DL
Combination II 1.35DL + 1.5LL
Combination III 1DL + 0.45LL ± 1Ex ± 0.3Ey
Combination IV 1DL + 0.45LL ± 0.3Ex ± 1Ey
Combination V 1DL ± 1Ex ± 0.3Ey
Combination VI 1DL ± 0.3Ex ± 1Ey
Combination VII Maximum of the above six combinations (envelope).

MODELLING AND ANALYSIS OF BUILDINGS
The analysis of 3G+P+19 storey building was carried out by using the ETABS software for
buildings provided with moment resisting structural system situated in seismic zone.
Various seismic parameters such as base shear, top storey displacement, storey drift and
time period were obtained. Building has lower stiffness and strength along Y direction due
to less number of columns in its grids
Table 1 – Detail of the models
Model
No
1
2
3

Model
Code
M-1
M-2
M-3

Detail
Building with square columns
Building with rectangular columns
Building with circular columns

Table 2 – Structural and Seismic Data
Various details
No of stories
Plan Shape

3G+P+9
Rectangle
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Plan Dimension
Typical floor height
Typical Column size
Corner Column
Perimeter column
Typical Beam size
Slab thickness
Foundation slab
Type of analysis
Seismic zone
Soil type
Response reduction factor (R)
Imp. factor (I)
Damping
Grade of concrete
Grade of steel
Dead load
Live load

36m*68m
3m for ground level,7m for ground floor and 3.2m for all above floors
b*h=160cm*160cm for M-1 model
b*h=130*190 cm for M-2
D=180cm for M-3 model
b*h=25*25cm for ground level, b*h=60*60cm for all above floors
b*h=40*40cm for ground level, b*h=100*100cm for all above floors
80cm*60cm
25cm
200 cm
Seismic Parameters
Response Spectrum
IX
Medium(II)
5 for SMRF
1
5% for RCC, 2% for steel
C-25/30 N/mm2
S -400/500 N/mm2
G = 1.76 kN/m2 for groun floor, G=4.48 kN/m2 for all floor above, Roof loads G
=4.18 kN/m2
Residential floors Q=1.5 kN/m2, Ground floor (service floor)Q=5 kN/m2,
Basement floors (garages)Q=3 kN/m2, Stairs Q=3 kN/m2, Snow=0.8 kN/m2,
Wind: zone D=3.742kN/m²,zone E =-1.403 kN/m²,zone A=-4.678 kN/m²,zone B
=-3.742 kN/m²
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Fig 1. Plan of model M-1

Fig 2. Plan of

Model M-2
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Fig 4. 3-D of model

Fig 3. Plan of

Model M-3
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Fig 1.2. Elevation view of M-1

Fig 2.1. Elevation view of M-2
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Fig 3.1. Elevation view of M-3

RESULTS
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Model 1 (M-1)
Period
Aksial forces combo 2:1.35*D+1.5*L
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Max /Mmin combo 2: 1.35*D+1.5*L

Askial forcesc envelope
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Mmax/Mmin envelope

Story drifts

67

Story shears

Displacemt
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Model 2 (M-2)
Period
Aksial forces combo 2: 1.35*D+1.5*L
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Max /Mmin combo 2: 1.35*D+1.5*L

Askial forcesc envelope
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Mmax/Mmin envelope

Story drifts
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Story shears

Displacemt
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Model 3 (M-3)
Perioda
Aksial forces combo 2
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Max /Mmin combo 2: 1.35*D+1.5*L

Askial forcesc envelope
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Mmax/Mmin envelope

Story drifts

75

Story shears

Displacemt

TABLE: Story Response -M-1
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Story

Elevation

Location

X-Dir

Y-Dir

Story23

76.8

Top

0.001925927

0.002299439

Story22

73.6

Top

0.002017799

0.002394997

Story21

70.4

Top

0.0021024

0.002481759

Story20

67.2

Top

0.002186165

0.002568332

Story19

64

Top

0.00226849

0.00265427

Story18

60.8

Top

0.002347586

0.002737343

Story17

57.6

Top

0.002421335

0.002814891

Story16

54.4

Top

0.002487627

0.002884264

Story15

51.2

Top

0.002544421

0.002942905

Story14

48

Top

0.002589755

0.002988358

Story13

44.8

Top

0.002621735

0.003018252

Story12

41.6

Top

0.002638512

0.003030286

Story11

38.4

Top

0.002638261

0.003022203

Story10

35.2

Top

0.002619127

0.002991773

Story9

32

Top

0.002579137

0.002936763

Story8

28.8

Top

0.002515947

0.0028549

Story7

25.6

Top

0.002426163

0.002743768

Story6

22.4

Top

0.002303983

0.00260071

Story5

19.2

Top

0.002136888

0.002420835

Story4

16

Top

0.001857126

0.002102586

Story3

9

Top

0.001414848

0.001570509

Story2

6

Top

0.001054729

0.001155476

Story1

3

Top

0.000487896

0.000536076

Base

0

Top

0

0

m

TABLE: Story Response - M-2
Story

Elevation

Location

X-Dir

Y-Dir

m
Story23

76.8

Top

0.001867

0.002259

Story22

73.6

Top

0.00198

0.002358

Story21

70.4

Top

0.002069

0.002448

Story20

67.2

Top

0.002157

0.002538

Story19

64

Top

0.002244

0.002629

Story18

60.8

Top

0.002328

0.002718

Story17

57.6

Top

0.002408

0.002802

Story16

54.4

Top

0.002481

0.002879

Story15

51.2

Top

0.002544

0.002944

Story14

48

Top

0.002596

0.002997
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Story13

44.8

Top

0.002635

0.003034

Story12

41.6

Top

0.002658

0.003053

Story11

38.4

Top

0.002664

0.003052

Story10

35.2

Top

0.002651

0.003027

Story9

32

Top

0.002616

0.002977

Story8

28.8

Top

0.002557

0.002898

Story7

25.6

Top

0.002472

0.00279

Story6

22.4

Top

0.002353

0.002647

Story5

19.2

Top

0.002183

0.002466

Story4

16

Top

0.001923

0.002144

Story3

9

Top

0.001464

0.001591

Story2

6

Top

0.001129

0.001171

Story1

3

Top

0.000561

0.00055

Base

0

Top

0

0

TABLE: Story Response- M-3
Story

Elevation

Location

X-Dir

Y-Dir

m
Story23

76.8

Top

0.001884

0.002247

Story22

73.6

Top

0.001988

0.002355

Story21

70.4

Top

0.002076

0.002445

Story20

67.2

Top

0.002163

0.002535

Story19

64

Top

0.002249

0.002626

Story18

60.8

Top

0.002332

0.002716

Story17

57.6

Top

0.002411

0.0028

Story16

54.4

Top

0.002482

0.002876

Story15

51.2

Top

0.002544

0.002942

Story14

48

Top

0.002595

0.002995

Story13

44.8

Top

0.002632

0.003033

Story12

41.6

Top

0.002654

0.003052

Story11

38.4

Top

0.002659

0.00305

Story10

35.2

Top

0.002644

0.003026

Story9

32

Top

0.002608

0.002976

Story8

28.8

Top

0.002548

0.002898

Story7

25.6

Top

0.002462

0.00279

Story6

22.4

Top

0.002341

0.002648

Story5

19.2

Top

0.002172

0.002467

Story4

16

Top

0.001903

0.002161

Story3

9

Top

0.001448

0.001602

Story2

6

Top

0.001099

0.001196

Story1

3

Top

0.000528

0.000576
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Base

0

Top

0

0

COMPARISON
Below tables and graphs show the program results for all building models considered.
●

For base share capacity
Tabel 3-Base shear kN comprasion for all building models considered

Model
M-1
M-2
M-3

●

Tabel 3 envelop combo 7 evelation F
Base share kN in Aks F
29720
20057
19907

Difereces
-32.51
-0.75

For lateral displacement
Tabel 4-Laterial displacement (mm) comparison of all models considered

Model
M-1
M-2
M-3

Laterial displacement mm along y
Displacement mm
191.90
192.77
192.945

Difereces (%)
-0.07
0.08
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●

For time period

Tabel 5-time period (sec ) comprasion of all models considered
Tabel 4 period combo 7 mode 1
Time period sec
1.749
1.750
1.759

Model
M-1
M-2
M-3

●

Diference (%)
0.06
0.51

For storey drift

Tabel 6- storey drift comprasion of all models considered
Model/storey drift
Story

M-1

M-2

M-3

Story23

0.002299

0.002259

0.002247

Story22

0.002395

0.002358

0.002355

Story21

0.002482

0.002448

0.002445

Story20

0.002568

0.002538

0.002535

Story19

0.002654

0.002629

0.002626

Story18

0.002737

0.002718

0.002716

Story17

0.002815

0.002802

0.0028

Story16

0.002884

0.002879

0.002876

Story15

0.002943

0.002944

0.002942

Story14

0.002988

0.002997

0.002995

Story13

0.003018

0.003034

0.003033

Story12

0.00303

0.003053

0.003052

Story11

0.003022

0.003052

0.00305

Story10

0.002992

0.003027

0.003026

Story9

0.002937

0.002977

0.002976

Story8

0.002855

0.002898

0.002898

Story7

0.002744

0.00279

0.00279

Story6

0.002601

0.002647

0.002648

Story5

0.002421

0.002466

0.002467
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Story4

0.002103

0.002144

0.002161

Story3

0.001571

0.001591

0.001602

Story2

0.001155

0.001171

0.001196

Story1

0.000536

0.00055

0.000576

0

0

0

Base

Finacial coast for one column in Kosovo market
dim (cm)

Quantity
h-story (cm)

rebar (kg)

concret (m3)

Column 1 -M-1

160x160

320

Column 1 -M-2

190x130

320

1307.07
1229.75

8.19
7.90

Column 1 -M-3

190

320

1215.82

8.13

Bill of quantity M-1
Unit

Quantity

Unit price

Rebar

kg

1307.07

1.2

Concret

m3

8.19

Amount
1,568.48

95

778.05
2,346.53 €

Total:
Bill of quantity M-2
Unit

Quantity

Unit price

Rebar

kg

1229.75

1.2

Concret

m3

7.90

Amount
1,475.70

95

750.50
2,226.20 €

Total:
Bill of quantity M-3
Unit

Quantity

Unit price

Rebar

kg

1215.82

1.2

Concret

m3

8.13

Amount
1,458.98

95

772.35
2,231.33 €

Total:
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RESULT DISCUSSION
Base shear capacity of the building along a specific direction increases with increase in
stiffness. In current study the stiffness of building model M-1 is higher than M-2 and M-3.
Like base shear, stiffness of the building has direct effect on lateral displacement of top
storey of the building. Lateral displacement of building model M-1 is less compared to other
models due to higher stiffness than M-2 and M-3.Fundamental time period of building
model M-1 is less compared to other models. Time period of building model M-3 is more
compared to M-2 and M-3 building models.With the little difference the storey drift of
model M-1 is less compared to building models M-2 and M-3.
based on the market value in Kosovo model M-2 is cheaper than two other models.

CONCLUSSION
[1] After comparing the three models in terms of structural behavior, in terms of seismic
and economic, we adopt the M-2 model as the optimal for realization as it resulted as the
most stable and economical case of the three cases.
[2] each time we design it is good to choose at least three models and make the
comparison and continue in the realization with the most optimal.
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Abstract. This paper presents the design upgrade of the roof structure for a sports hall which
consists of coupled glulam beams with steel substructure. The initial design has foreseen
main glulam beams which are coupled with steel trusses and strengthened with rigid steel
bars over the entire length. Due to some construction issues and design misinterpretation,
the as-built structure did not follow completely the design and reinforcement rebars have
been used instead of steel bars intended to be acting as steel ties. A design upgrade was
required to preserve the main structure of the roof established with glulam beams, purlins
and all the necessary layers to create a flat roof deck for students’ access. The main challenge
of the new design was to preserve the glulam beams and the initial architecture for the roof
structure while ensuring safety for both the ultimate and serviceability loading cases.
Initially, four proposals are provided with different solutions and among them only two are
chosen for the further assessment based on safety, cost estimation, feasibility and ease of
implementation in order to avoid problems on site. One of the proposals consists of steel
cables anchored at both ends and deviated on each steel truss and the other proposal consists
of stainless-steel rods connected at each intersection with the steel trusses. After careful and
detailed assessment of the two proposals, the second proposal consisting of steel rods was
chosen as the most appropriate one in terms of safety, cost, feasibility and ease for
construction. Additional assessment, detailing, specifications and test procedure, are given
to ensure an effective structural solution for a practical problem on an existing structure.
Keywords: GLT structures, numerical modelling, steel rods, hybrid structures,
strengthening

Introduction
To accommodate the needs of the Graçanica municipality a new High School is financed by
the European Union Office in Prishtina. The school construction was awarded to a local
contractor to complete the works according to the tender dossier including the detailed
design and the accompanying documentation. Some difficulties were faced during
construction and the need for a redesign emerged. The part of the building that was facing
difficulties was the roof structure of the newly designed and partially constructed sports hall.
This roof structure is composed of glulam timber beams that span over an 18 meter sports
hall and are coupled in-between with steel frames in the form of trapezoids. As per design,
these steel frames require some steel ties or steel rods to hold them together and resist the
tensile forces arising from the significant span. On the contrary, the as-built structure is
misinterpreted and instead of steel bars or ties, in some opened holes into the steel frames,
diameter ϕ32 mm reinforcement bars are placed instead. The understructure was not
working properly due to this flaw in construction. Schools are always considered of high
importance and that is why the safety of the structure raised immediate concern to the
responsible authority, especially since the roof is designed to be opened to students which
then lead to the need for a redesign.
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The coupled beams of the sports hall conceptually present a spatial problem of the typical
hybrid glulam-steel structure, where the glulam timber beams resist compression and the
deviated steel structure (steel rod or tie) resists tension. The as-built situation of the roof is
shown in Fig. 1, where seen from below in (a) can be observed the glulam-steel coupled
beams and in (b) and (c) can be noted the reinforcement not resisting any force and
misaligned. Another concerning issue was noted in Fig. 1 (d), where due to the insufficiency
of the supporting length crushing of the glulam timber beam could occur due to increase in
stresses normal to fibers.

(a)

(b)

(c)

(d)

Fig. 1. As-built structure of the roof.

After a topographical survey on site, actual deflections from the self-weight and the
supporting length of the beams were recorded, shown in Fig. 2. The glulam beams before
placements are pre-cambered with 10 cm and that is why the deflection in Fig. 2 (b) is shown
relevant to this uplift. Another important issue was regarding the strength class of the glulam
beams and the structural steel provided for the roof structure. The material strength class of
the as-designed glulam beams and steel was GL36h and S300, respectively, whereas the asbuilt structure comprises GL24h and S235 for the glulam beams and structural steel,
respectively.
(a)

(b)

Fig. 2. On site measurements of (a) support length and (b) deflections.

Conceptual Design
The conceptual design is initiated with some constraints from the EU Office regarding the
preservation of the as-designed architecture. This required a detailed assessment and
description of the as-built roof structure. The steel frames are bolted through a connection
plate with 4 M16 bolts of class 8.8 to the glulam beams which were verified to be safe
according to [1]. Purlins are simply supported on the main beams through a steel plate in
the form of a saddle and secured with 2 bolts on each side. A delicate matter of the structure
are the actual steel frames that couple the beams since they are only 3 mm thick in their
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cross-section and that provides a weakness for an 18 m spanned structure. However, this
matter is later attended in the detailed design.
Following all the available information and details from the as-built and the details of the
previous design, 4 proposals were given for the solution of the problem on site, shown in
Fig. 3. In (a) is proposed a linear truss which is composed of the typical upper glulam beam
and a deviated steel tie underneath to accommodate the tensile forces arising from the
significant bending moment. In contrast, in (b) is proposed a space truss by replacing all the
existing steel frames and in (c) is given a solution to replace only the reinforcement rebars
with steel rods connected at each intersecting joint. Finally in (d), is proposed to replace the
reinforcement rebars with a steel cable which is anchored at both ends and is tensioned to
undertake the forces. Since the two first proposals in (a) and (b) are not in compliance with
the constraint to preserve the architecture, they are not considered at all leaving only the
ones in (c) and (d) for further detailed assessment.

(a)

(b)

(c)

(d)

Fig. 3. Proposals for the redesign of the roof structure: (a) Proposal 1 – Linear Steel Rods, (b)
Proposal 2 – Space Steel Truss, (c) Proposal 3 – Space Steel Rods, (d) Space Steel Cables.

Detailed Analyses
Detailed analysis involves a thorough load analysis acting on the roof, including the dead,
live, snow and wind loads and the seismic action. The dead load is divided into the actual
loads acting on the roof on the time of assessment and the rest of the dead loads foreseen.
The actual dead loads are computed utilizing reverse engineering from the deflections
measured on site, where inversely from deflections is achieved the state of stresses in the
glulam beams as per [2] (at this time solely supporting the acting loads on the roof) and then
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computed the loads. The live loads, snow loads and wind loads are computed utilizing the
provisions from [3, 4, 5], given the site conditions and are generally simpler as a procedure.
Seismic action on the other hand is quite complex for this situation, since the roof structure
is an integral part of the school. However, to tackle this issue a simplified procedure is
decided since the roof is light relative to the rest of the structure and for safety reasons higher
seismic loads are taken into consideration. The seismic action is computed as the base shear
force from the simplified procedure given in [6], and then applied as a horizontal load to the
roof as a function of mass percentage relative to the rest of the structure. The acquired loads
are applied to a three dimensional model of the entire roof in a couple of FEM software (for
software validation) for structural analysis and the most solicited coupled beams are
identified to be used for further more detailed assessment. The detailed assessment followed
the numerical analysis in two separate proposed scenarios for the strengthening of the
existing structure. Proposal 3 as shown in Fig. 3, is modelled using beam type finite elements
and adding nonlinearity on the behavior of the steel rods which are hinged at both ends,
forming the joints. Proposal 4 in Fig. 3, is also modelled using beam type finite elements
that run all along the structure connected together and with reduced elastic modulus to adapt
for the behavior of the cable. Cables in this case are assumed to be stretched considering the
tensioned final configuration. The input parameters and the most relevant results obtained
are given in Table 1. The cross sectional diameter for the steel rods/cables is taken into
account based on the data from several manufacturers and the same goes for the elastic
modulus with their respective strength classes for the steel rods/cables.
Table 1. Relevant results for the selected proposals.

Esteel
Ø
Type
Util. factor

MGL*
NGL*
Nsteel

Proposal 3 – Steel Rods
210 GPa
36 mm
Hot galvanized steel S500
fy = 500 MPa; fu = 700 MPa
72 %
167.61 kNm
-303.33 kN
327.63 kN

Proposal 4 – Steel Cables
160 ± 10 GPa
32 mm
High-tensile non alloy steel strand
fy = 1680 MPa
42 %
249.04 kNm
-240.67 kN
259.29 kN
*GL – result on glulam;

Loading and numerical analysis are performed based on stage analysis to consider the
dead loads which are pre-existing on the glulam beams. The additional loads are added
through nonlinear staged analysis starting from the deformed structure under self-weight
and the existing layers on top. The difference in elastic moduli (Table 1) is reflected in the
different results for both proposals where the bending moment in the steel cables solution is
much higher compared to the one with steel rods. This resulted in an increased normal force
on the steel rods and thus an increased utilization factor of the same, whereas the normal
force in the steel cables is significantly lower and considering a very high strength for the
steel cables the utilization factor is very low. In other words the steel rods provide a better
structural functionality for the coupled beams. This was also manifested on the steel frames
that couple the glulam beams, for which the decrease of force in the cables results in higher
stresses subjected in the same. Regarding the cable solution another verification was
demanded to be performed in order to ensure that during the tensioning, no harm is inflicted
to the existing structure. To verify the tensioning of external deviated cables the provisions
from [7] are respected and the final pre-stressing force (P) after the losses is computed
through the following expression. The sum of the angular displacements (α) is computed by
the software, the coefficient of friction (µ) for external cables is localized only on the
deviator and ranges between (0.25-0.30), whereas the wobble coefficient (k) is taken as null.
P = P0 e-µ(α+kx)

(1)
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Considering all the results and after a very detailed cost analysis based on the construction
methodology for each proposal, a final decision was made for the utilization of steel rods
instead
of
steel
cables.

Joint

Strengthening

Globally the structural issues on the roof are easily solved and also construction
imperfections can be neglected on the overall behavior. Complexity and concern arises on
the micro assessment of the joint connection for the steel rods which have to be installed on
site and on an existing structure that cannot be dismantled. It is impossible to avoid
misalignments and deviation of axis in all three dimensions for the joint connections of the
rods. Adding the construction implications and site conditions this becomes an enormous
problem. As it was mentioned earlier the steel frames coupling the glulam beams are made
of 3 mm thick profiles and as such present an issue when it comes to transmitting huge
amount of forces and therefore stresses and strains. Several trials were conducted, which
also involved a lot of proposals to strengthen the joint and achieve compliance with the
codes, but the cheapest and the easiest solution in means of construction is the one shown
in Fig. 4.

(b)

(a)
(c)

Fig. 4. Axonometric view (a), Front view (b) and cross-section (c) of the strengthened joint.

Numerical stress analysis of the joint included a lot of factors to be taken into account
which yielded in a numerous advanced steel plastic analysis that are out of the scope of this
paper. Nonetheless, the final most important analysis included the stress and strain check of
the vertical strengthening plates (refer to Fig. 4). Since localized stresses rise from the
connection plate, it is impossible to achieve verification inside the yield domain of steel
(elastic domain) so the structural check is achieved in the plastic domain which is verified
according to the provisions given in [8]. These provisions allow stress redistribution and
limit the plastic strains to a certain limit of εpl=5%. The Von Mises stresses after
redistribution (a) and the plastic strains (b) are shown in Fig. 5. It must be noted that the
results are shown in a limited range of values where the minimal Von Mises stress shown is
the maximum yield stress and as such everything lower than this is lost in graphical
representation since it is not of interest. Similarly is done with the corresponding strains.
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(a)

(b)

Fig. 5. Von Mises stresses in MPa (a) and Von Mises strains in % (b).

Loading Test
Instead of conclusions, in order to ensure the safety and the functionality of the proposed
solution for the structure a loading test is required and hereby presented. In this case the
terms of reference for the tests are prepared following several guidelines [9, 10, 11], in
absence of specific timber norms for loading tests, under which they shall be conducted to
ensure proper assessment of the structure. The testing shall be conducted using a water pool
on top of the most solicited coupled beams according to design, as it is easier to fill, drain
and control the load level on the roof. Loading and unloading for the test shall follow a
protocol (Fig. 6) under which are given the provisions of performance. The maximum load
of 3.00 kN/m2 corresponds to 30 cm of water in the water pool.

Fig. 6. Loading Test Protocol.

To capture all the necessary measurements a scheme for the location of the equipment is
given in Fig. 7. LVDTs and strain gauges are required in such a way as to correlate results
obtained in different directions and if taken directly may lead to mistakes.

Fig. 7. Schematic localization of LVDTs and Strain gauges for the beams.

Methodology requires the measurement of the maximum deflection of the beams under
the maximum load and then after the stabilization of loads for around 48 hours, residual
deflections are measured. Comparing the two deflections provides the acceptance criteria
and the level of safety for the structure. While residual deflections (Δ res,max) are less than
25% of the total maximum deflection (δmax,100), this criteria is achieved and the structure is
safe concerning the service loads.
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Typological Classification of Existing Masonry Structures in
Debar, Gostivar and Kicevo -North Macedonia
Yasemin Hodza1
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Abstract. In North Macedonia there are a large number of masonry structures that built
before the existence of the seismic design regulations. Most of the existing masonry
structures are single-family houses, in addition there are many public buildings. Within the
research, a typological classification of existing masonry structures will be made in order to
assess the seismic risk of the selected region. From the existing building fund, the buildings
intended for housing are selected for typological classifications. In this context, Debar,
Kicevo and Gostivar were selected, which lie on the active fault zones passing through North
Macedonia. Seismic risk assessment is essential to maintain the durability of the structures
and to ensure the safety of users. The main objective of the research is to take the first and
basic steps for seismic risk assessment. To make this assessment, certain parameters of
existing buildings will be used.
Keywords: Masonry structures, Typology, Vulnerability.

Introduction
89

The territory of the Republic of North Macedonia is located in the Balkan region in
Southeast Europe. The region of Southeast Europe (Figure 1) is one of the most seismically
active areas on the continent and is characterized by the greatest seismic hazard and risk in
Europe [1]. The Republic of North Macedonia is located in the alpine-Himalayan zone of
the Mediterranean seismic region, and this region is characterized as a region that results in
serious seismic activities as a result of intensive and frequent tectonic processes [2]. More
than three thousand earthquakes occurred in this territory during the twentieth century [3].
Also, the territory of North Macedonia has been affected by a series of strong earthquakes
in the past centuries and these earthquakes have caused many human and material losses.
But little information is available about the earthquakes before this period (except for the
catastrophic earthquake in 1555 in Skopje) [4]. In addition, the map of the epicenter of
known earthquakes in the region of the southern Balkans (Figure 2) shows that intense
seismic activity is spreading in several regions and the distribution of earthquakes is
complex [3].

Fig.1. Euro-Mediterranean Catalog of Earthquakes
(EMEC) for the last millennium

Fig.2. Epicenters of earthquakes
known in Macedonia.

Realistic seismic prediction and prevention is the most important factor in
reducing human and property losses and reducing social and economic disruptions. In this
context, in 1957 and 1965, two institutions were established to monitor seismic activity.
These institutions are: Seismological Observatory of the Faculty of Natural Sciences and
Mathematics at UKIM in Skopje, 1957 and Institute of Earthquake Engineering and
Engineering Seismology, UKIM-IZIIS from Skopje, 1965 [5]. The first standards relating
to seismic requirements were the "Temporary Technical Regulations for Loading Buildings"
(1948). The seismic hazard mapping in North Macedonia was done in 1948, after this map,
the official seismic hazard maps were revised in 1950, 1967, 1979, 1982, 1987, as a result
of new developments [6]. Table 1 shows the official codes and seismic hazard mapping in
Northern Macedonia.
Three main neotectonic regions are spread on the territory of the Republic of North
Macedonia and the neighboring regions, the Vardar zone, Western Macedonia and Eastern
Macedonia [7], which have developed within the larger, regional tectonic units. The seismic
zone of Western Macedonia is spread along the valleys of the rivers Crn Drim and Bel Drim,
as well as north of them, thus including the epicenter areas of the Republic of Albania, the
Republic of North Macedonia and the Republic of Greece. The Vardar seismic zone
stretches along the valley of the river Vardar, as well as north of it, to the city of Belgrade
in the Republic of Serbia. Thus, it includes epicenter areas of the Republic of Northern
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Macedonia, the Republic of Greece and the Republic of Serbia. The seismic zone of Eastern
Macedonia is spread along the valley of the river Struma, as well as north of it, which
includes the epicenter areas of the Republic of Serbia, the Republic of Bulgaria, the Republic
of North Macedonia and the Republic of Greece.
Tab.1. Official building codes and maps with seismic zoning for the Republic of North Macedonia
Regulation

1948:

1964:

Temporary technical regulations for
loading buildings, Part-2, no.
11730, July 12, 1948.

Rulebook on technical regulations
for construction in seismic areas,
Official Gazette of SFRY no. 39/64.

Map of seismic zoning

1948:

Map of seismic zoning of the
Federal People's Republic of
Yugoslavia (Official Gazette of the
Federal People's Republic of
Yugoslavia, No. 61/48, June 17,
1948).

1950:

Seismological map of SFR
Yugoslavia Author: J. Mihajlovic

1967:

1979:

1981:

Rulebook on technical norms for
construction of buildings from
seismic areas, Official Gazette of
SFRY no. 31/81 (Amendments
49/82, 29/83, 21/88 and 52/90).

1982:

1987:
1990:

Engineering Geological Map of
SFR Yugoslavia (1: 500,000),
Federal
Geological
Survey,
Belgrade

Map of seismic zoning of SR
Macedonia (1: 600,000), Official
Gazette of SRM no. 2/79.

Provisional Seismological Map of
SFR Yugoslavia (1: 1,000,000)

Seismological maps of SFRY (1:
1,000,000) for return periods of: 50,
100, 200, 500, 1000 and 10,000
years.

Ten potentially active seismic zones with variable potential for generating
destructive earthquakes generally differ on the territory of North Macedonia. It is stated that
these regions are characterized by the potential for accumulation of energy released in the
form of seismic energy that causes earthquakes, depending on the characteristics of the
region in different time periods [6].
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Fig. 3. Potentially active fault zones as a result of tectonic extension processes

FIELD OF STUDY
The cities of Debar, Gostivar and Kicevo, which are located in the northwestern part of
the Republic of Northern Macedonia, have been selected as the area of work. Debar is a city
in the western part of the Republic of Northern Macedonia, near the border with Albania. It
is located at 625 meters above sea level, next to Lake Debar, the river Crn Drin and its
smaller breakthrough river Radika with a population of 14,561 (according to the 2002
census) [8]. Gostivar is located in the upper region of the Polog Valley. Gostivar is one of
the largest municipalities in the country with a population of 81,042 (according to the 2002
census) and the city also covers 1,341 square kilometersKicevo is a city in the western part
of the Republic of Northern Macedonia, located in the valley in the south-eastern slopes of
Mount Bistra with a population of 56,734 (according to the 2002 census).

2.1 Seismic activity of the region
The epicenter of all three cities selected within the survey belong to the Western Macedonian
Seismogenic Zone. In addition, the cities of Debar and Gostivar are located at the first active
fault zone passing through Kyustendil (Bulgaria), Kriva Palanka, Kumanovo, Skopje,
Gostivar, Mavrovo, Debar, Elbasan and Vlora (Albania), while Kicevo is located in fourth
active fault zone. The western Macedonian seismogenic zone is characterized by
pronounced marginal dislocations between horsets and depressions, which are the main
carriers of seismicity [9]. The Republic of North Macedonia is located in the Mediterranean
seismic zone and is characterized by high seismic hazard. During the past centuries, the
territory of North Macedonia has experienced numerous medium-large earthquakes with
magnitudes from 6.0 to 7.8 [10]. The strongest earthquake experienced in the territory of the
Republic of Northern Macedonia was with a magnitude of 7.5 +/- 0.4 in 1904 on PehchevoKresna. The strongest earthquake in the western Macedonian seismogenic zone, during the
period 1901. to this day, is the 1967 earthquake. with ML = 6.5 with a hypocentric depth h
= 20km [9]. In addition, according to the Seismological Observatory at the Faculty of
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Natural Sciences and Mathematics in Skopje, on the territory of the epicenter area Debar, in
the period from 1901 to 2016, there were about 834 earthquakes.

Fig. 4. Geographical view of selected cities

SELECTED BUILDINGS
To investigate the seismic risk of masonry structures in the selected region, it is necessary
to examine the existing masonry structures. Masonry is a common type of building around
the world, due to its simple construction technology and low cost of materials [11].
Numerous masonry structures have been built in the seismic and non-seismic regions of
North Macedonia. Studies show that during an earthquake, masonry structures face more
serious damage problems than concrete or steel structures [12,13]. The variability of
typologies of masonry structures results in a wide distribution of mechanical properties,
making masonry one of the most applicable building materials. In this context, a very
important step in the process of estimating losses is to establish an inventory / catalog of
buildings. To create the list, all available resources should be used [14]. The existence of
building catalogs allows to analyze the vulnerability of each type of object. Unfortunately,
a standard catalog of building typology has not yet been created in North Macedonia. For
this reason, the first step is to collect data for the selected region. Figures 6, show some of
the selected buildings, with their base, facade and location.
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Fig. 5. Seismic map of the Republic of North Macedonia with recorded epicenters and maximum
expected intensity and scale

Fig. 6. Location, base and facade of the selected building (29 Noemvri Street - Gostivar)
When collecting building data, some of the qualifications given by the Global Earthquake
Model (GEM) typology will be taken into account [15]. These qualifications are: direction,
height, date of construction, number of users, position of the building within the block,
shape, structural discontinuities, exterior walls, roof, floors and foundations. All buildings
will be primarily classified based on the building material. Once the buildings are classified
according to the materials used, they will be evaluated according to the construction system.
Other parameters that will be taken into account are: number of floors / height of the
building, quality of construction and irregularity.
Based on the previously described parameters, the buildings will be grouped into different
categories. Table 2. shows a proposed template for typological classification of existing
masonry structures in the selected region.

Tab.2. Proposed typological classification for existing masonry buildings
Parameters

94

Load
(Lateral /
Vertically)

Material
Wall
type

x

Type of floor
construction

x

Roof
type

x

Number Irregularity
of
floors
Horizontally or
Vertically
or
x
both
Horizontally
and vertically

Quality of
construction

CONCLUSION
In the selected region there are a number of masonry structures, which were built before
the existence of seismic design regulation. This shows that the behavior and reliability of
the buildings during the earthquake is uncertain. To ensure the safety of users and to protect
the architectural heritage in the region, the load-bearing capacity and behavior of buildings
during an earthquake should be determined. Detecting the load-bearing capacity and
behavior of buildings during an earthquake is particularly difficult for masonry structures.
The main reason for this difficulty is the huge number of possible combinations generated
by the geometry, nature and arrangement of the units, which raise doubts in the identification
of a constructive material in masonry structures. The classification of buildings according
to their different characteristics is a very important step in studying the load-bearing capacity
and behavior of buildings during an earthquake. In this context, the study presents a
proposal for classification of masonry structures in the selected region.

References
1. Salic, B, Milutinovich Z, Garevski М. “Results Achieved and Improvements Needed in the
Field of Seismic Hazard Assessment of Republic Of Macedonia”. 15WCEE, Lisboa, 2012.
2. Hadzievski D, Д.“Seismicity on the territory of S.R. Macedonia”. Seismic Observatory of the
University “Cyril & Methodius”, Skopje, R. Macedonia, 1976.
3. Gavrilovic P, Ginel S.B, Sendova V, Shumanov L. Conservation and Seismic
Strengthening of Byzantine Churches in Macedonia. Los Angeles: Getty Conservation Institute,
2004.
4. Sinadinovski C, МcCue K. “50 Years Since the Skopje 1963 Earthquake - Implications for
Australian Building Standards”. Australian Earthquake Engineering Society, Conference, Nov
15-17, Hobart Tasmania, 2013.
5. Milutinovic Z, Anastasovska D. “Seismic Hazard And Review of Seismic Activity of the
Ohrid Epicentral Area in the Period June- July 2017”. Geographical views (50) 41-52, 2017.
6. Milutinovich Z, Salic R, Tomic D (2016) Seismic zoning map of the Republic of Macedonia
according to the requirements of МКС EN 1998-1:2004 – Eurocode 8 (map reading guide), report
IZIIS 2016-26, August 2016 (in Macedonian)
7. Arsovski М. "Tectonics of Macedonia". Faculty of Mining and Geology Stip, 1997
8. State Statistical Office. "Census of Population, Households and Dwellings in the Republic of
Macedonia", 2002.
9. Drogreshka K, Chernih D, Najdovska J. "Seismicity of the Debar Epicenter Area". Knowledge
- International Journal. 28. 1245-1250, 2018.
10. Milutinovich Z. "Seismic Hazard and Countermeasures in the City of Skopje". Institute of
Earthquake Engineering and Engineering Seismology, 1998.

95

11. Taghikhanu T, Tehranizadeh M, Arabameri M. “Vulnerability of Hybrid Masonry Building
Under Seismic Action”. The 14th World Conference on Earthquake Engineering. 12-17 October,
2008.
12. Cardoso R, Lopez M, Bento R,“Seismic Evaluation of Old Masonry Buildings. Part II:
Analysis of Strengthening Solutions for a Case Study”. Engineering Structures - ENG STRUCT.
27.2014-2023, 2005
13. Zaho B, Taucher F, Rosetto T. “Field Investigation on the Performance of Building Stuctures
During the 12 May 2008 Wenchuan Earthquake in China”. Eng. Struct.27,2024-2035, 2005.
14. Hadzima NM, Pavic G, Lesic M. “Seismic vulnerability of old confined masonry buildings
in Osijek, Croatia”. Earthquakes and Structures. 11. 629-648. 10.12989/eas.2016.11.4.629, 2016
15. Brzev S, Scavthorn S, Charleson AV, Allen L, Greene M, Jaiswal K, Silva V. “GEM Building
Taxonomy Version 2.0”. Global Earthquake Model, GEM Technical Report2013-02 ,V1.0.0,
2013.

New Glass Ceramics are Taken According to the Recipe Fly ash, Feni Slag and Glass Waste
1

UBT University for Business and Technology Lagja Kalabria 10000 p.n.
Prishtine, Kosove

96

Abstract. In this study we will present the data from the preliminary preparation of
the mixture - the recipe for fly ash which is released from the burning of lignite,
ferronickel slag and glass waste as well as the results from the validation of the
validity of these constituents according to the previously designed reports. Glassceramics are polycrystalline materials produced through the so-called "controlled
crystallization process" and share many features between ceramics and glass. It
consists of an amorphous phase and one or more glass phases. The whole process of
producing these materials passes through the "glass crystallization control", and thus,
through this phase of the process, by adjusting the ratios between the constituent
components, not only can the majority of the features be kept under control of pottery
but the process may result in a new product with advanced engineering features.
Among the many pre-mix solutions-recipe with 20% old glass waste, 30% fly ash
from Kosovo lignite burning, and 50% electric furnace slag for ferronickel
production in Drenas resulted in a pottery a new glass that is distinguished by its
brilliant physical-mechanical characteristics. From all chemical, physical and
mechanical properties considerations, this type of ceramic-glass is primarily
dependent on the composition of the mixing components and their ratio in the mix
and their deterrence is the ratio between SiO2, CaO, MgO and Al2O3 active. This
ratio, the concentration of the various additional elements and other technological
interventions are the determinants of crystalline construction, as well as the key
performance indicators of the product, which can be classified into: porous material,
porosity, high viscosity, invisibility or invisibility, pigmentation, opulence,
uniformly low thermal expansion, high thermal stability, fluorescence,
ferromagnetism, biomechanical compatibility, insulating ability, high resistance, etc.
The key objectives of this study program are; promotion of the possibility of using
these residues as a valuable substance for the production of new glass ceramics, the
design of appropriate compartments according to standard design methods, quality
evaluation and confirmation, and the identification of indicators that enable the
technical
performance
control
of
products.
Key words:new ceramics, fly ash, ferronickel slag, waste glass, mechanical
properties.

Introduction
The huge volume of industrial waste, their potential environmental impacts and the
irrational use of resources and energy, has prompted many science researchers to design
programs for transforming them from valuable resources to industry. Resilient and
environmentally responsible industries have made for their goal the exploitation of all
intermediate products in order to minimize disposal of waste at landfills. Worldwide
practices of using metallurgical slag, flying ash from coal burning during power generation,
waste from the production of parcels, as well as other inorganic wastes give us sufficient
recognition and reference to extend the use of these types of waste even in Kosovo. The
exploration of industrial waste utilization opportunities in the construction industry is a new
area in Kosovo and at present mainly based on laboratory tests.
Recent study data regarding the use of ferronickel slag produced by melting of nickel ore in
the Kavadarci gravel and fluturus ash free from Osllom coal burning may be highly
compatible with designing a production recipe of new ceramic pots, which for basic material
would have; the dung produced by the Drenas oxide-silicate ore melting process, the flying
ash free from coal burning during power generation in Kosovo A and B, as well as the
remaining glass residues. Practices from the use of Ferronikel waxes obtained from laterite
jade in the Falcondo blast furnace in Bonao and data from the reports of various associations
and programs dealing with the research of chemical properties, the evaluation of the
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fulfillment of mechanical, physical, and non-compliance requirements ("SAMARIS", NAS,
Fe-Ni-Drenas laboratory, AHN Group-Prishtina, etc.) estimate that the slurry from the
melting process in furnace, electric furnaces and metallurgical aggregates is not meets all
the qualitative and technical criteria to be used as; aggregates for different industry
applications, but they can also serve as corrective materials when obtaining or improving
one's
own
properties
from
specific
products
[5].
The main determinant of the relationships between the components, during the preliminary
preparation process of the mix; the slag of Fe-Ni, fly ash free from lignite burning and waste
of used glass are: the relationship between physical, chemical and mineralogical properties
and the possibilities of correcting harmful conductors that would stimulate any negative
properties in ceramics the level of compatibility of the physical-mechanical properties of
compound formulations, mixing method and other product formation processes.The key
objectives of this study program are; promotion of the possibility of using these residues as
a valuable substance for the production of new glass ceramics, the design of an adequate
recipe and the identification of indicators that enable the technical performance control of
products.

GENERAL CONCEPTS
Generally, ceramics are made of metal and non-metallic elements: so ceramics are
oxides, nitride and carbide. A wide range of materials included within this
classification include ceramics consisting of clay materials, cement and glass [1].
Based on this definition the physical and chemical properties of the ceramic-glassy
depend in the first place on the dependence on the composition of the mixing
components and their mix ratio, which may vary widely. Many ceramics are
included in the use-classification scheme that includes groups such as glassware,
clay structural products, white ceramics, refractors (refractories), abrasives, cement
and advanced ceramics [1].
Glass ceramics share many features between ceramics and glass, consists of an
amorphous phase and one or more glass phases. These are polycrystalline materials
produced through the so-called "controlled process of crystallization" in contrast to
a spontaneous crystallization process in glass production. The whole process of
producing these materials passes through the so-called "glass crystallization
control". Therefore, I have chosen the best of the relationship between the
components of the basal cell; preliminary mixing-recipe mixing and process-based
management are considered as a crucial part of the design solution. The process
control, which includes: the recipe, processing methods, heat treatment stages,
blending of mixing components, cooling, time intervals of nuclear cell formation
and crystallization are determinants of physico-mechanical properties and generally
key indicators technical ceramic-glass performance. Placing in proportional
proportions of these mixing compositions depends on the quality of the mixing
compounds, regulating agents and treatment methods.
The slag is a molten mineral that represents a very complex oxide system. The
electric furnace slag for the production of ferronickel in the Drenas Foundry based
on the concentration of SiO2 and MgO is classified into high acidity slag [5]. SiO2
- is the most important oxide of acidic slag and is said to be in every dense, where
depending on its concentration it can be acidic or basic. In most cases, the
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metallurgical slime dominates the digestion of silica dioxide with basic oxides, thus
appearing mainly in the form of silicates which determine the so-called
siliconization scale. The degree of siliconization is defined as the ratio between the
oxygen atoms formed in the form of SiO2 and the number of oxygen atoms present
in the base oxide [3].
SiO2 represents the major component of ferronickel bundle which, by joining oxides
(CaO, FeO, MgO, MnO, etc.), will form: systems: MgO.SiO2, 2CaOFeSiO2, MgOFeO-SiO2, etc. which appeared in mineralogical composition of gelenite, ocancite,
dicalcium silicate and other minerals.
As can be seen in Table 1, CaO, MgO and FeO are the main determinants of
chemical, mineralogical and other properties of slag [4].

Table 1. The average slag chemical composition of the electric furnace for FeNi production in Drenas
Composite
MgO
SiO2
CaO
Cr2O3
MnO Fe(tot.)
Co
Elements
K-1
9.34
58.51
9.72
1.25
0.404 13.77
0.016
K-2
9.11
55.26
8.63
1.36
0.44
16.2
0.02
K-3
8.15
60.87
12.7
0.91
0.35
11.28
0.02
K-4
7.94
62.66
11
1
11.86
0.01
K-5
7.59
58.78
10.7
1.28
0.39
13.24
0.01
K-6
9.23
61.46
9.94
1.42
0.44
12.76
0.02
Considered by the fact that this group of slag is of high acidity and that
CaO, MgO and FeO are the main determinants of mineralogical construction, then
the estimation of the qualities of fly ash is also important before we deter the ratios
between the components of mix-recipe.
The flying ash freed from lignite slag during the production of electricity in
Kosovo power stations, represents the particles caught by electrostatic (ESP) filters
from the exhaust fumes. During the thermal discharge process, the lignite mineral
fractions are melted at the furnace temperature in case of ash and dust application
when a small amount (10-20%) falls to the bottom of the furnace, producing the socalled ending solution [7]. The flying ash is a polluted powder (meaning dust with
diameters between 1-100 μm) and is characterized by the presence of high content
of silicon, calcium oxide, aluminum and iron oxide and lower carbon content
unburned [3].
Judged by chemical composition research, compounds such as CaO and SiO2
predominate on ash and slag precipitation. The average ratio between these two
components in ash is from 1: 1 to 1.4: 1. CaO's share varies from 28 to 39%, while
SiO2 ranges from 27 to 33%. SiO2 and CaO are the dominant components even in
the chemical bonds of the slime, except that the ratio is approximately 4: 1. SiO2
turnout varies from 57 to 64%, while CaO is 11-17%. Participation of other
components from silica ash analysis is dependent on the active (free) CaO in the
ash, which varies from 7 to 9%, while in the range of 1.7 to 2.2% [8 ]. The high
presence of active CaO in the composition of fly ash is very important variables
during the process of interaction of acid and base oxides, thus favoring a very
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Ni
0.094
0.09
0.11
0.08
0.08
0.08

complex mineralogical construction, which would favor the formation of milky
phases during the calcination process and especially during the crystallization
process.
The production of glass-ceramics in most cases passes through two stages;
producing the glass under low cooling and then re-roasting in the second stage.
Addition of different agents and other technological interventions are the
determinants of crystalline construction and product yield which can be ranked in:
porous material, high durability, translucency or invisibility, pigmentation,
opulence, thermal expansion equally low, high thermal stability, fluorescence,
ferromagnetism, biomechanical compatibility, insulating ability, high resistance,
etc. Judged by the results of the physical-mechanical testing of ceramic pots, in
addition to the quality (properties and composition) of mixing compounds,
detriment of product quality, production costs, degree of applicability and
environmental adaptability is also the exact definition of the salient reports; soaring
flying; glass remnants.

EXPERIMENTAL PROCEDURES
The production of glass-ceramic from the slag of "Fe-Ni-Drenas", the flying ash
obtained from the lignite burning in "TC Kosova A & B" and the glass waste used
after the felling, dampening process will follow a fairly a baking and calcination
complex that will be under strict control of all variables and truncated phases.
Effective management of studies is conditional on; the quality of the materials, the
determination of the relationship between the mixing components in the prepared
recipe, the processing methods, the chemical, mechanical and product resistance
requirements and the environmental suitability. For the purposes of this study, we
have obtained three different types of material with the participation of components
designed in advance in accordance with the technical requirements of the product.
Table 2. Design of preliminary mix - PP1
Preliminary mixing –P2
Material
Participation. in the mix.
[%(m/m)
The Slag from "Ferronikeli" / Drenas
30
Flying Ash from "TCKosova A & B"
50
Kastriot
Window glass
10
Bottled glass
10
3
Densiteti i pas homogjenizimit PP [g/cm ] 2.9 - 3.2
Table 3. Design of preliminary mix – PP2
Preliminary mixing -PP1
Material
Participation. in the mix.
[%(m/m)
The Slag from "Ferronikeli" / Drenas
50

Density [g/cm3]
2.820
2.400
2.30
2.35

Density [g/cm3]
2.820
100

Flying Ash from "TCKosova A & B"
30
Kastriot
Window glass
10
Bottled glass
10
3
Density after homogenization PP [g/cm ] 2.9 - 3.2
Table 4. Design of preliminary mix – PP3
Preliminary mixing -PP1
Material
Participation. in the mix.
[%(m/m)
The Slag from "Ferronikeli" / Drenas
30
Flying Ash from "TCKosova A & B"
30
Kastriot
Window glass
20
Bottled glass
10
3
Density after homogenization PP [g/cm ] 2.9 - 3.2

2.400

Density [g/cm3]
2.820
2.400
2.378
2.30

The blending of the mixing material was carried out in a one-shot compression
grinder ("planetarium" -150 MPa) over 60 minutes, achieving granulometric
granular construction of particle size of 38 μm. The suction mixture for the mixing
of the flying ash develops a room oven under the stream of atmospheric air, with
heating installments of 10 ° C / min, at intervals of 900-1150 ° C. While for slag
blending at the temperature range of 1100-1350 ° C. Isoterrinal treatment has been
developed in two steps (fig. 1) at temperature: 30; 60; 120 and 140 min.

Figure 1. Isometric treatment of two scaling steps
Variable and quite significant and absolutely critical to the properties of ceramicglass is the speed and degree of crystallization. Glass ceramics are produced through
the glassy base crystallization control. According to many glass authors, it is
considered as a metastable melted coolant which due to the high speed of cooling
and the low rate of crystallization have failed to crystallize and in which some atoms
and molecules of the system tend to continuously crystallize on full. Depending on
these relationships the crystallization process can be brought up to 35% (m / m) to
90% (m / m). Based on this fact, the most important part of the entire production
cycle is keeping under control the crystallization process, which is facilitated by the
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addition of agents that direct the formation of nuclear cells and the regulation of the
relationship between the creation of nuclear cells to the growth of crystals and
temperature fig.2.

The physico-mechanical properties of glass ceramics produced by these industrial
residues depend on the control possibilities of the crystallization process, the hotspot conditions and the temperature ratios: the prolongation of the bakingcrystallization process. The product would be called rentable if crystallization is
achieved over 90% (m / m) and crystalline nucleus (about 1015ml) in all
voluminous proportions. To achieve these technical parameters, besides the need to
pursue a control regime for all phases of the process, it is necessary from time to
time to add agents that stimulate the formation of nuclear cells. In the production of
low-porosity ceramic pottery, the stability coefficient is set over the nucleation and
crystallization of the nucleus growth rate at the cooling speed. While high
potassium-ceramic production is possible with the use of polyether foam (polymer)
or SiC as an agent. Porosity in this case also depends on the type of material used
in the mix, e.g. to fly ash mixtures the dust concentration is up to 70 ± 5%, while
the porous blend-based mixture reaches up to 65 ± 5%. Adding glass to the two
blends increases the dendriticity while decreasing the porosity considerably.
Lignite burning flying ash and ferronickel impurities contain considerably
hazardous elements, such as heavy metals, organic components, and so on. and for
this reason, the treatment of high-residue mixture residues under high temperatures
(above 1300oC) allows the production of relatively inert product; heavy metals can
be completely incorporated into the product matrix or separated from waste through
various evaporation/exhaustion or precipitations. These temperatures involve the
destruction of organic components. The fixation of hazardous compounds at the
molecular level of the silicate phase and the product matrix as well as their low level
of traceability make it non-toxic and environmentally friendly.

DISCUSSION OF RESULTS
Results from the research of the chemical composition of materials from industrial
and glass wastes are given in Table 5
Tab. 5 Chemical analysis of fly ash, ash and glass residues
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CaO
SiO2
Al2O3
Fe2O3
MgO
SO3
MnO
K2O
Na2O
CaO aktiv
Fe(total)
Losses during the
reaction:
MnO+K2O+ Na2O

Mu

ash

%
%
%
%
%
%
%
%
%
%

28.3-39.96
27.6-33.12
5.1-10.50
6.03-8.42
3.37-4.02
11.0-12.89
0.14-0.32
0.45-1.01
1.06-1.72
4.95-9.42

Slag of
ash
9.9
45.6
10.4
5.2
4.9
5.1
1.0

Slag of
Fe-Ni
9.7-12.7
55.3-62.7
7.6-9.34
0.45-0.40
11.3-16.2

Bottled
glass

Window
glass

69-72
1.6-1.8
0.3-5
0.6-0.8

70-73
1.3-1.5
0.5-07
0.4-06

0.2-0.4
14-15

0.3-.5
15-16

18.2

The chemical composition of industrial waste is characterized as a single system
with high SiO2, Al2O3 and Fe2O3 content and silicate system properties. In
accordance with XRD, flying ash contains small concentrations of crystalline phase,
such as quartz, mill, hematite and amorphous phase. While Ferronikel's
discoloration shows the presence of minerals; (SiO2) and β-SiO2 with
singlonetragonals), Metasilicate: Pyroxene-β-SiO2 (SiO4) Si8O20] 8-∞, Vollastonite
- [Si4O10], Ferromagnesium Fe (MgCO3), Quartz (α and β-SiO2). Table 6 shows the
results from the granulometric analysis of the materials [5].
Tab.6 Granulometric analysis of flying ash, bramble and glass residues
Particle Granulation
Flying ash
The slag of ash Granulated slag
mm(v/v)
Fe-Ni
6–5
0
5–4
2.8
4–3
6.5
3–2
20.1
2–1
45.1
0
1 – 0.589
0
63.7
8.3
0.589 – 0.417
2.16
73.7
15.7
0.417 – 0.295
3.36
87.5
32.9
0.295 – 0.208
5.99
89.66
48.7
0.208 – 0.147
10.11
92.38
67.5
0.147– 0.104
24.05
94.78
72.3
0.104– 0.074
24.89
96.72
79.7
0.074– 0.052
31.00
99.68
89.3
0.052– 0.037
31.62
100

Waste glass bottles
100
79.3
59.3
5.4
0

The results from the research of thermal characteristics are given in Table 7.
Table 7. Results from the research of thermal characteristics of industrial waste
Diameter [mm]
Expression of
Softening
Melting temperature 0C
0
0
contravention C
temperature C
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Flying Ash from "TC A &
B"
Slag e FeNi/Drenas
Window glass
Bottled glass

1140

1300

1340

1260
650
650

1370
850
850

1390
950
960

Data from the study of the suction layer of fly ash and compressed slurry show that
flying ash reaches the highest relative density of 71 ± 1% after the sintering process
in the temp. 1050 0C / 2h. While the rust reaches the highest relative density of 81
± 1% at 1150 ° C / 2h. The sintering process at higher temperatures than those
mentioned above shows side effects such as blur and degradation [3].
The pottery-glass properties for the proper designs of the sintering regiments and
the mixture-mixing butterfly-glass compass preselected in installation temp temp.
900-1150 0C / h, and that slim-glass compartment in the temperature-controlled
installation. 900-1350 0C / h, has demonstrated quite advanced values and generally
crystalline stability and thermal equilibrium of the system as given in Table 8.
Tab.8. Pottery-glass properties for optimal compositions depending on the
synthesis regimes
Compositions Temp. of
ρrel.
Emoduli α-hardness in
sinter.[0C/h] dendsit.[g/cm3] [GPa]
fragility [MPa]
PP1
1050/2h
2.79
87±3
80±4
PP2
1150/2h
2.82
96±3
102±3
Sintered glass
650
2.74
85±4
88±9
ceramics
PP1
650
2.80
PP2
650
2.83
According to [1,2,6] following the sintering of the mixture of flying-glass ash,
crystalline products with improved mechanical properties have been obtained. The
dense-flake-glassy blend mix has shown excellent crystal properties, a favored
terrifying coefficient of expanse and fragility.

CONCLUSIONS
Glass ceramics produced by flying ash or ferronickel slag are materials with
excellent physical-mechanical properties and eco-friendly.
Increasing the 20% of the glass waste in the flying ash will increase the hardness
to breaks up to 80 Mpa, E-module up to 87 Gpa and thermal coefficient up to 7.6
[10-6 0C].
The addition of 20% of the slim glass will increase the strength of 102 Mpa and Emodule up to 96 GPa, and the tertiary coefficient up to 6.3 10-6 0C.
All the physical-mechanical parameters in all the thematic and compositional
regimes have shown performance in the best of technical quality than the
traditional sintered glass ceramics.
Control of the crystallization process is the main feature of the control, E-module,
breakage strength and system densities, because the technical performance of the
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Thermal and expansive
coef. [10-6 0C]
7.6
6.3
6.0
5.8
6.7

products depends on the extent to which the crystallization is achieved, ie the ratio
between participating minerals of the sisters; (Mg, Fe) [SiO4, Ferromagnesium-Fe
(MgCO3), and Quartz- (α and β-SiO2), FeMgTi4O10, Diopside Ca (Mg, Al).
The chemical and physical properties of the material make it suitable for a wide
range of applications in the construction industry.
The system formed by bumps and 20% glass, due to the high chemical stability, it
can be a potential diffuser material in the gasification process.
The use of these waste for the production of ceramic tiles, besides guaranteeing
good mechanical and mechanical properties, such projects would serve to
revitalize these waste and stimulate the development of other recycling programs.
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The process of legalization of residential buildings in coownership, as an indicator of economic development
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Abstract. The housing sector in Kosovo is facing the same challenges as other post-

communist countries during the transition period. The migration of the population
from rural areas to suburban urban areas, led to the development of rapid trends in
the construction of residential buildings in co-ownership. The lack of capacities in
the relevant municipal directorates for fast provision of sustainable urban planning,
led to the construction of many residential buildings in co-ownership, without
construction conditions and without construction permits. Institutional delays in
establishing and harmonizing procedures in the planning and construction process,
such as the Municipal Development Plan, Urban Development Plan, Urban
Regulatory Plans, were indicators for the development of numerous construction
processes without construction conditions, without construction permits, and
especially in the construction of residential buildings in co-ownership. This process
has degraded the property market and affected the precarious possession of property
because illegal buildings cannot be registered in the cadastre or legally transferred,
used or used as collateral. The problem of illegal construction in Kosovo is a
phenomenon that requires treatment. This phenomenon is not only present in our
country, but affects the entire region and beyond, which according to statistics
throughout the Western Balkans is considered to be over 2 million illegal
constructions. The process of legalization of residential buildings in joint ownership,
aims to treat illegally constructed buildings throughout the territory of the Republic
of Kosovo, to provide these buildings with the legalization certificate and to carry
out the process of registration of buildings in the Cadastre and Register of Immovable
Property Rights. This Legalization process should be developed with the aim of
creating simplified legalization procedures, free taxes to help citizens enjoy their
property rights. Owners will realize benefits from their property which will be
legalized and will increase economic development in the country and in households.
The realization of the legalization process and the placement of these properties in
ownership certificates by all these owners of illegal constructions, will increase the
absolute value of household income. The Government would also benefit from
legalization, which would collect property tax revenues. The realization of this
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legalization process within a time frame as soon as possible, will solve the problem
for hundreds of families and at the same time will put into circulation billions of
euros. This means economic development of the Republic of Kosovo.
Keywords: Legalization Process, Residential Building in Joint Ownership, Responsible
Institutions, Households, Economic Development, Realization of Property Rights,
Legalization Certificate, Ownership Certificate

Introduction
During the past 20 years, the citizens of Kosovo have shown great interest since the
reconstruction phase by continuing in construction in general. The construction sector has
played an important role in the country's economy. Unfortunately, for various reasons, many
of the new constructions built in the last 20 years have been built without construction
conditions, without construction permits, neglecting the inspection process, or have
exceeded the usability indices. This phenomenon in the construction industry has led to the
illegal population of these buildings and especially residential buildings in co-ownership.
Therefore, among the major problems of the development of Kosovo's economy, from the
construction sector is informality which creates a process of illegal construction. When it
comes to informality, the first thing that comes to mind is the construction sector and illegal
constructions that affect a very large part of the population. The last war of 1998/99,
destroyed most of the construction, especially in the residential sector (houses). Immediately
after the liberation the country began to develop the reconstruction of the housing sector.
Most of these rebuilds were done in a hurry, for survival without waiting for any planning
process or building permit. For many Kosovo citizens living in Kosovo, but also for those
working in the diaspora, building a house or buying an apartment is the most important
investment of their lives by investing the savings of their work or the money of their
families. of them living in the diaspora. Also according to statistics Kosovo has the youngest
population in Europe and it is understandable that the need for an apartment or house has
always been great. After the end of the war in Kosovo, Kosovo began to be Administered
by UNMIK, and through International Humanitarian Organizations developed the process
of reconstruction in the housing sector, but could not meet the growing needs of citizens for
housing. Responsible institutions have also been inefficient in administering the increased
demands and development needs of the citizens of Kosovo. Due to the lack of human
capacity in the responsible institutions, documents in the process of spatial planning and
construction, Owners of these buildings are often forced to build these houses or buildings
without being provided with conditions and building permits. Many co-owned residential
buildings that have been built in the last two decades are populated without technical
acceptances and without certificates of use, who do not yet have a title deed. So we are
talking about citizens who have bought apartments in buildings in co-ownership, which are
partially, legally built with construction conditions or have a building permit, but do not
have a certificate of use and are not registered in the cadastre of buildings. Meanwhile, these
citizens who have bought these housing units, according to the legislation in force, pay
property tax even though they have not yet legally regulated the ownership of their
apartment. The issue of illegal construction is a global problem and addressed in detail by
many international organizations or scientific institutions. One of the international initiatives
in this field has been undertaken in our region in the form of the Vienna Declaration on
Informal Settlements in Southeast Europe, which was signed by Kosovo in 2005. The basic
principles of the Vienna Declaration are: equality of all citizens for having the same standard
of living and the right to enjoy equal rights as well as legal obligations, the sustainable
regulation of the space by which informal settlements are required to be integrated into
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social, economic, spatial and legal frameworks. This means that the issue of legalization is
not only a social need and economic benefit but has already become an international legal
commitment. For Kosovo, an accelerated process of dealing with illegal constructions is
very important, in the form of a limited-time treatment to legalize all this capital that is
outside the economy. In fact, once a building or apartment is legalized by the legislative
process within the standard of ownership, this asset can be used as mortgaged collateral to
obtain a loan from a bank. So I can generate tremendous amounts of investment capital. It
can also be used as collateral for business contracts making it possible for the property to no
longer be unusable but to be in circulation. In addition, if that property is legally registered
then it can be sold to investors anywhere in the global market turning into liquid capital. It
should be understood that in a market economy, capital is a form of relationship. Until the
legalization process is completed, these flats or houses serve not as capital but simply as
housing units where people can live. With their legalization it would be in a way the same
as if the legally recognized value of their property was a direct investment from abroad. The
impact of legalization is manifold. It can serve to stimulate the construction sector because
it facilitates and increases the opportunities to build legally. It should also be said that many
people who have houses or flats are afraid to invest in them to improve their quality of life
because they are not sure if that property will remain theirs. Moreover, there are various
citizens who would like to leave a house or apartment that does not have a title deed, in
search of a career or opportunity elsewhere, but today they find it difficult to sell their
property because it is not registered. in legal form in the Building Cadastre. Legal ownership
of a property will make people feel freer, more confident. Legalizing residential buildings
in co-ownership or unlicensed houses will help the poor the most, but indirectly also has an
impact on businesses, as they would have more opportunities to invest and greater
purchasing power. The treatment and legalization of these properties and their placement in
the legal property system by all these owners of illegal constructions, will increase the
absolute value of the Government revenues. Also, the Government would benefit from the
realization of the Legalization process, which would derive income from property tax or
from the economic result that would come from the circulation of all this capital. Therefore,
the realization of the Legalization process will solve once and for all a problem for hundreds
of thousands of families and at the same time will put into circulation billions of euros that
are being blocked. This means that it would constitute the largest capital flow in the
economy that Kosovo has ever had.

Objectives
The purpose of this research is the analysis of the process and procedures of treatment of
Residential Buildings in Co-ownership according to the Legislation for the treatment of
illegal constructions in the context of economic development. Addressing the factors that
have contributed to the spread of illegal construction in the past will help eliminate illegal
construction in the future. However, the question that remained was what to do with the
existing illegal constructions. This question was initially answered by Law no. 04 / L-188
on the Treatment of Unauthorized Constructions, which entered into force on 5 February
2014 and was amended by Law no. 06 / L-024 on the Treatment of Illegal Constructions,
which entered into force on 20 August 2018. This legislation provides a systematic and
objective approach to "legalization" of certain illegal constructions, ensuring health and
safety standards, enabling property owners to fully realize their property rights, and helping
to integrate illegal construction into the Cadastre and property tax system. Since the entry
into force of the Law on the Treatment of Unauthorized Construction on February 5, 2014,
the institutions responsible for the implementation of this legislation have made substantial
progress in developing processes and procedures, with the support of international partners
including USAID Development Partnerships. OSCE and the EU project for the
Implementation and Implementation of Rural Spatial Planning. To develop these processes,
the central institution responsible for this field has provided training to municipal officials
regarding the legalization process.
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It has also drafted and approved secondary legislation setting out the Basic Health and Safety
Standards and has published a guide explaining these standards. The Central Institution has
commissioned the development of a database software that works in coordination with GIS
software and orthophotos to enable local institutions to identify and list illegal constructions
in their territories. It has also provided training and support for the use of this software,
including individual mentoring and group training in the computer lab at the American
University of Kosovo. The institutions responsible for carrying out this process have also
developed communication campaigns with the public to encourage citizens to register their
illegal constructions. These campaigns included: a television spot that was broadcast on
television and social media, as well as billboards, flyers, posters, the use of partner
organizations to disseminate information to their members, and "Legalization Day", which
was an effort at the national level to inform all citizens about the legalization process. At the
time the law was drafted and passed, the full magnitude of the problem was not known.
Estimates have been that the number of illegal constructions was quite high, but the thought
that 350,000 constructions would be implied by law was beyond imagination at the time the
process had begun. In addition, this law touches on many complex legal and factual issues
that are outdated, the interrelationship of which is becoming more apparent with the progress
of law enforcement. Also, the Central Institution has drafted a Guide, where the purpose of
this guide is to explain the legal procedures for the implementation of the process of
treatment of illegal constructions (legalization) of category I and II based on Law No. 06 /
L-024 on the Treatment of Unauthorized Constructions and relevant bylaws. Law no. 06 /
L-024 on the Treatment of Unauthorized Constructions, which is applicable to all
unauthorized constructions that have been built or have started to be built without a permit
or have exceeded the construction permit until the date of entry into force of this Law. The
program of the Government of Kosovo for the treatment of illegal constructions
(legalization program) is an important initiative that is expected to produce tangible benefits
for the citizens of Kosovo, including through the clarification of property rights through
registration in the Cadastre and its Register. Real Estate Rights (RDPP) and by unlocking
capital currently involved in illegal construction, which could be used to boost economic
growth.

Current statistics registry
As shown in the table below, during the first phase of the legalization process, 32
municipalities have identified 343,948 illegal constructions in the Register. The Central
Institution and some municipalities also had additional forms that were submitted by the
June 11, 2015 deadline that still needed to be added to the Register. Now that these have
been introduced and the Register has been completed, the number of unlicensed
constructions registered is a total of 352,836.
No. Municipality
Illegal constructions included in the
Illegal constructions in the Official Register
Register until 11.6.2015
on 23.09.2015 (after corrections and final
inclusion of data)
1
Deçan
11880
11893
2
Dragash
12298
12314
3
Ferizaj
32656
32721
4
Fushë Kosovë
7434
7453
5
Gjakovë
8445
8501
6
Gjilan
32088
32128
7
Gllogovc (Drenas)
14129
14152
8
Gracanica
1251
2617
9
Hani i Elezit
1998
2000
10
Istog
3713
3874
11
Junik
916
917
12
Kaçanik
7935
8691
13
Kamenicë
904
915
14
Klinë
11991
12016
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15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

Kllokot
Leposaviq
Lipjan
Malishevë
Mamush
Mitrovicë e Jugut
Mitrovicë e Veriut
Novobërdë
Obiliq
Partesh
Pejë
Podujevë
Prishtinë
Prizren
Rahovec
Ranillug
Shtërpcë
Shtimje
Skënderaj
Suharekë
Viti
Vushtrri
Zubin Potok
Zveçan
TOTAL

33
15752
19755
8103
1439
3509
10119
2688
46387
27589
14800
1766
521
9751
5939
15278
3170
9701

343,938

33
6
15783
19780
1
8134
1441
6
3550
13568
4796
46528
27900
14822
1766
530
9766
5967
15333
3190
9738
1
5
352,836

Table 1: Register of illegal constructions in Kosovo Municipalities until June 11, 2015.
Source of information from the Central Institution - Ministry of Environment and Spatial
Planning - MESP.

Research Methodology- Attempts to solve the problem
The research methodology for this paper is presented in the following text using the method
of rationality to increase quality, safety and quality of life in multi-dwelling buildings.
Responsible central institution - The Ministry of Environment and Spatial Planning has tried
to make the registration of illegal constructions easier by creating a database of the Registry
and a GIS program that shows on the map the locations of illegal constructions. Through
the awareness campaign, the citizens were encouraged to submit their requests for the
registration of illegal constructions and for the legalization process. The number of illegal
constructions was also reduced. In addition, when the requests of citizens for registration
were increased at the end of the registration period on February 5, 2015 and there was an
increased interest of citizens, on 11.08.2020 - The responsible authority of the central
institution - Ministry of Economy and Environment (former MESP) has decided that the
deadline for submission of applications for legalization of illegal constructions be extended
for 12 months, ie until September 4, 2021 in order to enable citizens additional time to
submit applications for legalization. Given the situation on the ground, this decision has
come as a result of the need for additional time to achieve the purpose of the Law on
Treatment of Illegal Constructions and including the fact that municipalities continue to
work with limited capacity due to the pandemic, and other circumstances that this situation
has caused as a whole. The responsible institutional authority has also tried to clarify the
issue of gaps in the orthophoto in Administrative Instruction 18/2014 on Basic Health and
Safety Requirements. It has also tried to clarify the method of treating completed and
substantially completed constructions versus unfinished ones in a number of regional
workshops and with comprehensive Guidelines.
Which Constructions should be subject to the Legalization Process?
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All illegal constructions identified in the orthophoto before 05 September 2018 including:
houses; home service garages; agricultural buildings; business houses; depot; apartment and
commercial buildings; administrative; annexes and superstructures of buildings; hotels;
dormitory; industrial buildings; cultural and artistic buildings; educational buildings; health;
sports (recreational) etc.; Unfinished constructions; Exceedances of construction permit.
Fees for Legalization
• Category I and Houses Floor II - 1 € / m2
The amount greater than 800 € can be paid in two installments with a term of 30 days.
•

Category II and Unauthorized Interventions in permitted constructions - 2 €
/ m2
Category II amount greater than 10000 € can be paid in two installments with a term of 60
days.

Exemption from taxes
Constructions of public interest or Government funding; Reconstructed by war, conflict,
social unrest or force majeure; Beneficiaries of the social scheme, families of martyrs, war
invalids, war veterans, former political prisoners, persons with disabilities, as well as all
other categories released under the legislation in force, (owners of illegal constructions of
Category I and Category II that are houses are released); Constructions evidenced in the
orthophoto of 2004. The applicant must fill in the tax exemption form for legalization.
(Appendix 3)
Tax on additional construction works
It is based on the administrative fee and applicable fees for construction permit

OFFICE ONE-STOP SHOP
All information, procedures and application forms for the legalization of illegal
constructions can be obtained at the special office of the sector for legalization in the
buildings of the responsible municipal institutions.
Why should Construction be Legalized?
Construction can be used as legitimate collateral and can be used more fully. At the moment
that the building is legalized, whether it is an individual house or a residential building in
the municipality, the municipality does the planning, enabling you to have the necessary
conditions
that
belong
to
you.

APPLICATION PROCEDURE- Who submits the application for
legalization of illegal construction?
Any citizen who possesses Completed or Unfinished Construction without a Permit, or
Unauthorized Intervention in a Permitted Building, until September 5, 2018, can submit the
application for legalization. For illegal constructions of residential buildings in coownership, the investors of these illegal constructions are the primary responsibility to apply
for their legalization. If the investor does not apply, then one or more unauthorized building
owners can apply for legalization on behalf of the entire building. All costs for legalization
will be divided among all owners of illegal construction in a proportional manner, based on
the size of their respective units. Owners who participate in covering legalization costs can
initiate legal action against the investor, along with other damages, costs and taxes permitted
by law.

111

Where are the applications for involvement in the legalization process submitted?
For Houses, Residential Buildings and other low risk facilities, applications for legalization
are submitted to the responsible authority of the local institution-Municipality. These are
known as Category I and II constructions according to the U.A. MMPH Nr. 04/2017. In
addition, the applicable Law provides for Category II Homes to be treated as part of the New
Category I. The characteristics of Category II Homes are described in Chapter V for
Requirements and Procedures for Application and Review of Category I Unauthorized
Constructions and Category II Homes. If the building is of high risk or of national interest,
the application is submitted to the responsible Authority of the central Institution - the
Minister. These are known as Category III constructions in accordance with Annex 1 of the
Law on Construction.
How to apply for legalization?
The first step in the legalization process is to submit the application for legalization. The
application consists of the application form and other accompanying documents. The
application form can be obtained in the municipality or downloaded electronically from the
official website of the respective Municipality and the Ministry. Citizens must complete the
relevant form, attached to Appendices (1, 1A, 1B, 2, 2A) of the U.A. MMPH Nr. 06/2019.
Other documents listed in these Appendices must be attached to the application.

Photo1: Annex 1. Standard application form for legalization certificate for category I and
category II houses (over 450m2). Source of information from the Central Institution Ministry of Environment and Spatial Planning - MESP.
How are applications submitted during the past process handled?
Applications that have remained unreviewed by the previous legalization process, namely
applications for which no decision has been made, will be processed in accordance with
applicable law. The applicant is obliged to submit all other documents required by the
municipality according to the applicable law. While the documents attached to the previous
process, for which there is no legal deadline for validity, will be used during the review of
the application. Any payment of the legalization fee made during the previous process will
be deducted in the amount due
paid in the actual process. However, if the amount of tax paid exceeds the required value of
the tax required by this Law, the money will not be refunded.
Realizing the process and procedures for treatment of building permits according to
applicable legislation Case study analyzed by the Legalization Sector of the Directorate of Urbanism of
Prishtina
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In order to see the right approach for the realization of the process and procedures of
treatment of illegal constructions, the notes from the statement given on 22.08.2016 were
taken from the Legalization Sector at the Directorate of Urbanism of the Municipality of
Prishtina: This Sector has resumed the implementation the work for which it is called, since
the entry into force of Law no. 04 / L-188 on the Treatment of Unauthorized Constructions.
Pursuant to this law, Municipalities are responsible for allocating the necessary human
resources and contracting additional services for the effective and efficient implementation
of this law (Article 5, points 1.1 and 1.2 of Law 04 / L-188). This sector, without the
engagement of this staff, has had and finds it impossible to implement the tasks assigned by
the aforementioned Law. This can be proven in this way: The Law on the Treatment of
Unauthorized Constructions entered into force in February 2014, the implementation of
tasks began in November of the same year, when a part of the staff was contracted, which
that this time period of approximately 10 months, is the best evidence that shows the
impossibility to cover these tasks only by the number of staff of that time of the Directorate.
This staff already contracted (professionals in the fields required by Law No. 04 / L -188 on
the Treatment of Illegal Constructions), despite the fact that salaries continue to be
extremely low based on the profession they have, the work they do and the responsibility
they assume was never exhausted by their incomparable will and zeal and without husband
to the point of self-denial. This is best evidenced by the ongoing implementation of the Law
on the Treatment of Illegal Constructions.
The Legalization Sector implements this law accurately and transparently on how an illegal
construction should be subject to legalization procedures. This sector has contributed to the
compilation of new instructions for the treatment of illegal constructions, each time in full
cooperation with the relevant Ministry; with organizations such as USAID, IRuSP, etc.
According to statistics in this Sector, there are about 30 people and their average age is
around 28 years. Despite their young age, they consistently resulted in quality and successful
work. The staff of the Legalization Sector, in a period of approximately 8 months
(November 2014 - June 2015) has identified almost all illegal and permitted constructions
within the territory of the Municipality of Prishtina, which have registered them in the
Geographic Information System (GIS) , where the number of illegal constructions has
reached 46'523. A part of the staff has performed these tasks in the offices of this Sector,
waiting for the parties where they have constantly brought information about the locations
of their illegal constructions. While the rest of the staff has been engaged to record all
permits granted from 1950 to 1999, in the City Archive.
In the last months of the period of registration of illegal constructions, considering the fact
that only close to 21'000 illegal constructions were reported by the citizens at that time and
that the deadline for registration of illegal constructions was expiring, most of the staff were
engaged in the field for the registration of illegal constructions, where over 23'000 illegal
constructions were identified and registered only to facilitate and enable the majority of
Prishtina citizens to qualify for the second step of the legalization process, which this was
the application. The Legalization Sector has developed an awareness campaign for the
registration of illegal construction as well as for the application for legalization of these
constructions through video advertisements, radio advertisements, various panels and even
conveying information door to door in different neighborhoods of the capital, etc. After the
end of the registration period, the Sector has started with the application period as well as
the review of applications. The review of applications for legalization is divided into 3
stages, namely:
- phase I - checking and ascertaining whether the documentation is complete and regular as
provided by the Law on Treatment of Illegal Constructions and its bylaws;
- phase II - visual inspection of unauthorized construction as a procedure arising from the
Law on Treatment of Unauthorized Constructions and ascertaining whether the
unauthorized construction meets all the minimum criteria set out in Administrative
Instruction 02/2016 on Basic Health Requirements and Security for the Treatment of
Unauthorized Constructions; and
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- phase III is the preparation of the Legalization Tax Decision and the Legalization Decision
in case the illegal construction has approved the two preliminary phases.
The Legalization Sector has inherited 6,100 unfinished cases from the legalization process
of 2010, where most of them are extremely problematic. During the period of application
for legalization in the last process (September 2015 - March 2016) this Sector has received
761 new cases, where in total (including inherited ones) make 6'861 cases. Out of this total
number, 5556 cases have been issued Supplementary Documentation, 118 constructions
have been legalized, 1 has been rejected and 37 have been forwarded with an Extradition as
provided by Law 04 / L-188, while the rest of the cases are being processed.

Increases dynamism in the Legalization of Illegal Constructions
Responding to these requests from citizens and municipalities, USAID has supported the
Ministry of Economy and Environment to simplify legalization procedures, reduce costs,
and develop an active communication campaign to address illegal construction. USAID has
also supported the development of a case registration process in the legalization process that
enables municipalities to monitor the implementation of each phase of the legalization
process. To ensure that citizens are informed of this legal opportunity, the USAID Economic
Governance Program has worked with partner municipalities, Pristina and Gracanica, to
design and launch a citizen awareness campaign aimed at improving understanding of the
legalization process by citizens, as well as increasing the demand for this service. By the
end of November, partner municipalities have legalized and registered in the cadastre
constructions in the amount of € 40-50 million, according to real estate appraisal data from
the Ministry of Finance. This represents a significant increase from May 2020, when the
two partner municipalities issued the first legalization decisions for owners of illegal
constructions.

Outcome and discussion- Changing existing policy
The main discussions addressed in the implementation of this process include to
create results are: Addressing the gaps created by the fact that the "official
orthophoto" has been done for a period of 18 months, creating gaps in terms of
constructions that qualify for legalization; The intensification of the legalization
process facilitates cooperation between Ministries and Agencies, including ensuring
that legalized constructions are registered in the Register of Buildings in the
Cadastre and in the Property Tax Database. Clarification of the definition of illegal
constructions and reduction of the number of constructions that fall into this
category by excluding those constructions that are already registered in the
Cadastre. Clarification of the definitions of completed and substantially completed
constructions to make the identification easier. Simplifying the treatment of
unfinished constructions, keeping the treatment within this law and not leaving it
according to the Law on Construction. Allowing the creation of other Records.
Simplification of document requirements for many constructions. Providing more
options for unit owners in co-owned buildings. Allowing negotiation and agreement
with relevant authorities on the use of public property. Providing more options for
construction in national parks. Establishment of a sub-committee to analyze how to
treat illegal constructions on agricultural land under consolidation and under
irrigation system.
The benefits of this study are:
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Providing professional support option to the responsible authorities of central and local
institutions for advancing the existing development policy in the implementation of the
process and procedures for the completion and completion of the Legalization of Residential
Buildings in co-ownership such as: Official involvement of other line ministries and assist
in mass efforts through the establishment of a Committee at the level of the Government of
Kosovo to coordinate key organizations, including: MEA, Kosovo Cadastral Agency,
Ministry of Agriculture, Agency for Information Society, Ministry of Diaspora and Ministry
of Finance ( Property Tax Department); Allow unauthorized constructions that have started
to be constructed before 30 August 20013 to be considered for legalization, using the
orthophoto only as a kind of proof of existence - not as the only evidence; Clarify more
clearly by the responsible Institution the expression “unfinished construction” and the
exclusion of those buildings already registered in the Cadastre from this definition; Clarify
the definitions of Completed / Substantially Completed Constructions and Unfinished
Constructions, and provide for simpler procedures for handling unfinished constructions;
Allow constructions that have expired from the registration deadline to be registered now
and processed in the legalization process; Require all municipalities that have not completed
their Registers to complete their work on legalization registers, reduce the number of
documents required for legalization and allow the Ministry to define the necessary
documents through a sub-legal act; Clarification of rights and options for individuals living
in illegal constructions containing many housing units; Allowing negotiations and
agreements with relevant authorities on the use of public property; Allowing the legalization
of illegal constructions on private properties within the Cursed Mountains National Park, if
they were built before it was declared a national park; Establish a subcommittee to study the
issue of illegal construction on agricultural land under consolidation and irrigation system
and recommend a solution to address these numerous constructions which under current law
should be demolished.

Conclusions
Legalization of Illegal Constructions in Kosovo brings benefits to citizens, giving them the
opportunity to enjoy their property rights, as well as enabling citizens and businesses to use
legalized constructions as mortgages to finance other investment activities. Once legalized,
construction can be used as a mortgage, enabling citizens and businesses to access financing,
thus boosting economic growth in Kosovo. The USAID Economic Governance Program
supports Kosovo in implementing key reforms aimed at improving government services,
improving public financial management, and building its own sustainable and inclusive
capacity and systems for implementing reforms. necessary to meet the needs of citizens.
Through this research we can conclude that the implementation of the process of
Legalization and Registration of Buildings in the Cadastre, which will follow the part of the
Administration of Residential Buildings in Co-ownership will affect the growth of
households, as well as the Economic Development of Kosovo.
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Abstract. The industrial development in Albania arrived late. On the eve of independence,
back in the early 1900s, the country was essentially an agricultural economy.
The industrialization of the country span a period of almost 150 years starting from the earlier
industrial traces to the end of the communist era. The industry helped to form the country's
modern image, awareness, and understanding about the role of industrialization; and
monuments that it left behind and the communities it has managed to build, and created
opportunities to better known themselves/ourselves.
This paper is focused on the Industrial Archeology of the City of Gjirokastra, seen from a
structural perspective.
Gjirokastra plays a major role in the Albanian industrial heritages. Because of the process of
industrialization throughout the country and in Gjirokastra in particular, the socio-economic
development and the population growth, dictated the initiation and development of industrial
production.
Key words: Industrial Heritage; World Heritage Center; Industrial Structures

Introduction
Albania today is crammed with numerous used and unused buildings - such as former
industrial buildings - which are the legacy of almost 50 years of communist rule. However,
these structures constitute only but one part of the vision that the dictator Enver Hoxha had
for the future of Albania. The industrialization of the country span over a period of almost
150 years, starting from the earlier industrial traces to the end of the communist era. The
process of de-industrialization in Albania has led to the depopulation and the abandonment
of entire industrial areas. Today, the challenge rests on how to put industrial spaces back into
function. The assessment aims at the eventual revitalization and reuse of these structures
irrespective of their current function, but in order to achieve that first us need comprehensive
studies related the structural condition of the upper mentioned buildings. This paper focuses
on analyzing the former industrial buildings, more specifically in the region of Gjirokastra.
In order to analyze the industrial heritage in Albania, the best thing to do is to analyze all the
former industrial sites in the country, but this will be impossible and not useful because of
the following reasons:
1. Because of the fact that the majority of industrial sites were build up during the communist
period, one of the most important principles of this kind of regime is the replication of a same
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typology of construction in many cities. This is also visible in residential settlements and not
only in Albania. This means that through the analyze of certain typologies of industrial
buildings you can analyze all of them.
2. Albania is a relatively small country. This means that there are not huge differences in
geographical conditions. Thus analyzing a city in the north, another in the center of the
country and one in the south you create a very good overview of the conditions of the
industrial heritage in Albania.
3. Analyzing the most specific cases and trying to apply principles and strategies for those
cases, will give applicable solutions also for other cities.
I have chosen to analyze one of the most important cities in Albania, in an industrial
archeology perspective and not only. The citiey of Gjirokastra
The reason behind this choice is:
1) The geographical position; (Gjirokastra is located in the south of Albania, share border
with Greece and is the most representative city of the south of Albania)
2) The specific characteristic of each city; (Gjirokastra is one of the most historic cities in
Albania, it is part of the UNESCO World Heritage list. Gjirokastra have a very strong and
visible industrial layer, apart from the other characteristics of the city)
3) The distribution of industries in the city (the industry is distributed in a linear way along
the river, with only one exception)
4) Variety of industry in the city
Gjirokastra is located in the south of the country and borders with Greece. Creating the main
transit point with Greece, it is also considered as the center of Greek ethnic minority in
Albania. Administratively, the region is divided into three districts – Tepelenë, Përmet and
Gjirokastra.
Gjirokastra is also the name of the main and largest city of the region, followed by Tepelena
and Përmet. Important roads connect the city with Greece but also with Korça and Saranda
(two important cities in Albania) by adding a role as the regional services provider to
Gjirokastra, namely agribusiness and production. World Heritage status UNESCO, coupled
with the beautiful appearance of Drino River Valley and proximity to Greece, creates an
opportunity for the city's tourism industry.
Industrial development in Gjirokastra
Gjirokastra plays a major role in the Albanian industrial heritages. Because of the process of
industrialization throughout the country and in Gjirokastra in particular the socio-economic
development and the population growth, dictate the initiation and development of industrial
production. Craftwork and its outsourced manufacturing left a stagnant economy and jobless
population. Production with machines in factories and plants was necessary.
Until 1950, the few existing industrial buildings were disseminated inappropriately all over
the city. In 1951, the area along the Cullos stream was appointed by the government of that
time as the industrial area but without any study. (Mantho, 2014)
This process was completed during 80', the impact on local communities was considerable
and especially in the urban profile of the city.
Because of all the industrialization that went on in the city, now we have all the remains of
that era. The pollution and the remains of industries. Among the most problematic areas in
terms of environmental pollution are the former quarry in the northwestern part of the city
and former industrial areas, as we can see from the map below. The red spots are the location
of the former industrial buildings.

Albanian seismic overview
In Albania, as a country with high seismic hazard, it is very important the design and seismic
evaluation of buildings. From the economic perspective, there are two options: repair or
demolition. The opportunity to choose is given by the assessment of their actual condition.
In the new and old Albanian design codes, there is no specified procedure about the seismic
performance of the existing buildings. This situation becomes even more serious when
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considering the degradation over the years and structural interventions. For this reason, it is
necessary to assess and improve the seismic performance of the chosen typology projects.
Albania is one of the country’s most prone to seismic oscillations in the Balkans. Recent
devastating earthquakes in neighboring countries and in Albania (earthquake 26.11.2019)
have shown that reinforced concrete buildings have suffered maximum damage and are
responsible for the loss of life. Due to reasons such as age, interventions made by people and
the design code of the time, these types of buildings are vulnerable to earthquakes. It is
therefore important to evaluate the seismic performance of these buildings and on the basis
of this assessment, techniques must be developed to strengthen these buildings in order for
them to resist potential earthquake damage.
The elected buildings have very few anti-seismic elements because of the period and the code
they were constructed. Therefore, they are more vulnerable to seismic action. It has been at
least 40 years since the design and construction of these buildings. This time undoubtedly
has contributed to the degradation of the material and reduction of their load bearing capacity.
All the former industrial buildings are classified in categories and afterwords are replicated
in many other cities. Consequently, they may be subjected to different climatic conditions
and may have suffered various degradations. This degradation also depends on human
activity into them. The aim of this study is to analyze these buildings assuming, as they have
undergone no alteration or damaged over time.
This section will focus on the seismic vulnerability assessment of former industrial reinforced
concrete buildings in Gjirokastra. The reason behind this choice is because:
a) Reinforced concrete building offer more flexibility than those in masonry, in terms of
reuse. This because the industrial buildings in reinforced concrete usually have a column grid
bigger than 6x6 meter, and also a story height more than 4 meter. This means that the
adaptation process of these buildings is much easier than those in masonry;
b) Reinforced concrete constructions are younger than those in masonry in Albania, thus the
cost of retrofitting them will be less than of those in masonry. Since the real industrialization
in Albania started during 1950-1960, it was also the expansion of reinforced concrete
structures, thus the majority of industrial facilities were construct with this material.
In order to understand the retrofit strategy, firs we need to figure out the structural condition
of these buildings. Since Albania is a seismic country, in this section we will analyze the
performance point and the seismic vulnerability of the upper mentioned structures.
Engineering is closely related to seismology, earthquakes and other natural disasters. We
need to have safe buildings to resist this natural phenomenon. However, is this always
possible?
Here are the definitions of some of the key words used in this section:
-Seismic hazard – the study of expected earthquake ground motions at the earth's surface, and
its likely effects on existing natural conditions and man-made structures for public safety
considerations; the results of such studies are published as seismic hazard maps, which
identify the relative motion of different areas on a local, regional or national basis.
-Seismic risk – the potential economic, social and environmental consequences of hazardous
events that may occur in a specified period of time. It uses the results of a seismic hazard
analysis, and includes both consequence and probability.
- Vulnerability – the inability to withstand the effects of a hostile environment; the degree of
loss to a given element at risk, or set of such elements, resulting from an earthquake of a
given magnitude or intensity
Earthquakes pose a great risk to people who live and work in poorly constructed buildings.
Available data on structural vulnerability to earthquake damage are currently incomplete and
variable in quality. The potential damage that earthquakes generate is generally confined to
a limited area around the epicenter. The disasters are caused by the combination of the strong
ground shaking, earthquake magnitude, poor building quality (low structural capacity which
leads to poor performance during earthquake action), and high population density of the area
of highest shaking. The comparison between earthquake risk and other natural risk shows
that the earthquake risk is far above the risk from other natural hazards, even in low seismicity
regions. The earthquake damage increases strongly with decreasing occurrence probabilities
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(increasing return periods), which in turn means that the largest ones are rare but very
destructive.
Two main factors that therefore can turn an earthquake into a disaster are the vulnerability of
(inadequately constructed) buildings, and unfavorable soil conditions beneath the building.
The latter will amplify ground-shaking effects and in some cases even contribute to
liquefaction or sliding (e.g. the earthquakes in Mexico City 1985 and Armenia 1988). That is
why design codes should approach towards seismic safety and seismic reinforcements.
There are distinguished three characteristic periods of construction in Albania related the
seismic protection:
● before 1960 - seismic protection level was very low or absent at all;
● 1960-1989 - seismic protection level was low [ag / g = 0.05]
● After 1989 - the level of seismic protection KTP-N.2-89, which, taking into account
the seismic environment of the country, can also be called insufficient.
The first seismic regulations, accompanying the first seismic zoning map of Albania, were
adopted in 1952. After the review in 1963, we see the increase demand for seismic
performances, while the review of 1978 resulted in no significant improvements. After the
earthquake of 1979 in Montenegro (Serbia and Montenegro), it was approved a new seismic
zoning map of Albania, with a scale of 1: 500,000 (legal act no. 371 of 1979). This map is
also revise, which resulted in partial changes and improvements in seismic regulations.
During the 1980’s was conducted a general review of technical seismic regulations and
entered into action the new rules for earthquakes resistance (KTP-N.2-89) since 1989. The
respective seismic zoning map of Albania is still in force.
For the territory of Albania, it is in force of the seismic regionalization map in scale 1:
500,000. It evaluates the seismic hazard map based on intensities I by MSK-64 scale.
A common way today for the design of seismic hazard maps is the through the acceleration
values. These maps are called isoseismic accelerations. (Figure 1).

Figure 1 - Seismic regionalization map (Source – Institute of Geoscience in Albania)

Vulnerability Assessment
Each vulnerability assessment method models the damage on a discrete damage scale;
frequently used examples include the MSK scale (Medvedev and Sponheuer, 1969), the
Modified Mercalli scale (Wood and Neumann, 1931) and the EMS98 scale (Grünthal, 1998).
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In empirical vulnerability procedures, the damage scale is used in reconnaissance efforts to
produce post-earthquake damage statistics, whilst in analytical procedures this is related to
limit-state mechanical properties of the buildings, such as inter story drift capacity.
Vulnerability to catastrophic earthquakes is 100%.
If the risk analysis will consider only the economic loss, seismic risk (R) will be expressed
as the product of H that characterizes the seismic hazard with the seismic vulnerability of the
zone V of the building or a group of buildings. Considering the degree of exposure to
construction E, will have R = H * V * E. If H = 0 (no seismic risk,) V, then despite the
vulnerability, seismic risk R is 0. In addition, the opposite is true risk is zero R = 0 even if
the risk is high (more seismic areas) but the buildings are more resistant to earthquakes V =
0. In addition, the risk is zero when in an area with a certain risk, we have no buildings, so
the degree of exposure is zero E = 0.
It is pointed out that Albania is characterized by intensive earthquakes of small and medium
scale. Technical Design Regulations for buildings are applied during the design and
implementation of the project.
The purpose of these rules is to ensure:
● Protect of peoples life;
● Limitation of damages;
● Functionality of the building
The seismic vulnerability of a structure can be described as it susceptibility to damage by
ground shaking of a given intensity. The aim of a vulnerability assessment is to obtain the
probability of a given level of damage to a given building type in a scenario earthquake.
This study focuses on the vulnerability assessment through analytical methods of former
industrial buildings in Gjirokastra
Therefore, it is very important to know as much as possible about their behavior in case of
earthquakes. This means to consider an actual building, its real reinforcement and real state,
and then performing a detailed analysis in order to obtain the real capacity or the real strength
of the building, independent from the predicted hazardous event for its respective site, but
that derives from the manner it was reinforced or the manner it was built, or simply saying,
from the code in which was based the construction procedures.
Vulnerability analysis has a particular importance for the estimation of damages of existing
buildings, and it is necessary to understand as much as possible their behavior in case of
earthquakes.
The methodology used in this case to evaluate the buildings reaction under an earthquake for
the analytical method is the “pushover analyze”.
Pushover analysis is a static, nonlinear procedure in which the magnitude of the structural
loading is incrementally increased in accordance with a certain predefined pattern.
This process starts with the creation of a digital model of the object. After creating the model
in computer programs such as ETABS and defining the properties and acceptance criteria for
the pushover hinges, we locate the pushover hinges on the model by selecting one or more
frame members and assigning them one or more hinge properties and hinge locations, defined
the pushover load cases, run the basic static analysis, displayed the pushover curve, and
displayed the capacity spectrum curve
Using the interaction of the base shear and the displacements calculated from the results of a
Pushover analysis, the capacity curve and capacity spectrum of a structure are calculated. The
demand spectrum is also generated for a design seismic load using the design response
spectrum.
The Performance Point, which represents the state of maximum inelastic capacity of the
structure, is found through the cross point of the Capacity Spectrum and Demand Spectrum
for a given damping ratio.
These curves define also the force-deformation criteria of the hinges in the object that I
studied used in pushover analysis. There are five points labeled A, B,C, D, and E are used to
define the force deflection behavior of the hinge and three points labeled IO, LS and CP are
used to define the acceptance criteria for the hinge. (IO, LS and CP stand for Immediate
Occupancy, Life Safety and Collapse Prevention respectively.) The values assigned to each
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of these points vary depending on the type of member as well as many other parameters
defined in the ATC-40 and FEMA-273 documents.
The nonlinear static procedure is based on the relation between the lateral displacement and
the force of the building.
Building a capacity curve, which shows the relationship between the force F of the base, as
Y-axis and lateral displacement of the roof level Δ
By correlating the capacity curve with the seismic demand spectrums, corresponding to a
certain seismic intensity, it can be found a point on the curve, which indicates the maximum
displacement of the building due to the considered earthquake.
The position of performance point against performance level assesses the case if the target
performance is achieved or not.
In this research is considered the limit state approach. For limit state approach, for each
material and load, a partial safety factor is assigned individually depending on the material
properties and load properties. Therefore, each element of load and material properties is
accurately assessed resulting in a more refined and accurate analysis of the structure. In this
connection, the material strength can be utilized to its maximum value during its lifespan and
loads can be assessed with reasonable probability of occurrence. Limit state approach is
commonly used for the majority of reinforced concrete design because it ensures the
utilization of material strength with the lowest construction cost input.
Buildings and structures in seismic regions are recommended to be designed mainly with
a symmetric configuration and with mass and stiffness uniformly distributed in plan and
height. To acquire this, these conditions must be accomplished:
1. Mass and stiffness distribution in height is considered as relatively uniform when the
respective difference from one level (story) to the other is not larger than 50%;
2. Buildings are considered with “regular” shape in plan;
3. When the difference in height of the adjacent sections within the same building is less than
5 m the building is considered to be as “regular” in height;
4. The eccentricity between the center of mass and the center of rigidity at a floor, measured
perpendicular to the direction of seismic action, is considered to be not excessive when it is
less than 15% of the structure dimension in that direction.
In terms of applying this principles, none of the former industrial buildings that we will
consider for this study full fill the upper mentioned characteristics.
- Firstly, in most of the cases they have problems with the mass distribution, in the
majority of cases the mass is located in only one part of the structure.
- Secondly, because of the pervious function all the former industrial buildings have
problems in height and in plan in terms of story height. Some of them have the
presence of soft stories, which in terms of seismic vulnerability is not helpful. We
see this phenomenon in all the buildings with more than three floors.
- Because of the adjacent buildings, we see in many cases the presence of short
columns. This is typical in the case of big manufacturing factories such as in
Gjirokastra and partially in Shkodra. Nevertheless, we can see this phenomenon also
in Kucova in a single story industrial building (part of the mechanical factory) the
presence of this typology of columns in increasing the seismic vulnerability of these
structures.
All the upper mentioned factors are influencing into the increase of seismic vulnerability
of the chosen buildings.

The assessment process
The design process of all the 19 former industrial buildings was based on the original plans
and structure provided by the “Technical National Archive of Construction”.
Because of the standardization principle, most of the structural elements have the same
characteristics in terms of material, reinforcement and configuration. The concrete used, in
all the cases is 200 kg/cm2, steel bars are all of the same material and most of the cross
sections of the structural elements were the same in all buildings, with few exceptions. The
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columns are 50x50 or 40x50 or 40x40 or 40x80 and have low steel-reinforcement ratios,
providing poor ductility. The majority of the slabs are 20 cm thick and the beams are usually
20x50. All the structures are built between 1950 – 1970. The substructure is with plink under
the columns. This information is taken from the original project, offered from the Central
Technical Archive of Albania.
The principle of standardization was a key factor in the time of construction. In some cases,
this strategy was used also in the reinforcement of the columns of a single industrial building.
As can be seen further more in this research, the ground acceleration was the same in all the
calculations. This because all these buildings were replicated in different cities of Albania,
and in order to take the worst case into consideration the ground conditions are all considered
as “B” category, the peak ground acceleration is 0.35 g. The response spectrum that was taken
into consideration is for this peak ground acceleration as the worst case of design in Albania.
All the RC former industrial buildings are designed without taking into consideration the
degradation of the material and the interventions done by humans during these 27 years.
In the following section of this research are displayed the geometric components of the
buildings and the geographical distribution of the former industrial buildings with a
Reinforced Concrete Frame in Gjirokastra (Figure 2 and Figure 3).

3d Visualization of the Metal Processing Factory
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Figure 2 – Geographical distribution of industrial buildings in Gjirokastra

Figure 3 – Geographical distribution of industrial buildings in Gjirokastra
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Figure 4 – Characteristic of industrial archeology on Gjirokastra

I focused my research in the Metal Processing Factory in Gjrokastra given the fact that the
building has a high potential of reuse because of its location and vicinity to the city center.

Figure 5 – Original Plans and Sections of the Metal Processing Factory (National Archaive
of construction)

The most dangerous consequence of the earthquake is the collapse of the building caused by
large displacements of the structure. Therefore, the structure should have sufficient ductility
which is imperative to limit the displacements, thus the Force - Displacement effect will be
smaller. This can be accomplished by placing to the structure elements that stiffener it, such
as a shear walls or steel braces, or dumpers.
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Figure 6 – Site survey
The methodology used in this case to evaluate the buildings reaction under an earthquake for
the analytical method is the “pushover analyze”.
The nonlinear static procedure is based on the relation between the lateral displacement and
the force of the building.
By correlating the capacity curve with the seismic demand spectrums, corresponding to a
certain seismic intensity, it can be found a point on the curve, which indicates the maximum
displacement of the building due to the considered earthquake.
The position of performance point against performance level, assesses if the target
performance is achieved or not

Figure 8 – Pushover Analysis principle
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Global structural system intervention techniques
The strengthening techniques associated with a global strengthening strategy are in most of
the cases less costly than the intervention in all structural members, especially if these types
of intervention require temporary interdiction of the building, demolition and/or
reconstruction of nonstructural elements such as masonry infill walls or false ceilings. The
most well know, economics and efficient global strengthening techniques are: addition of RC
structural shear walls, addition of steel braces with and without energy dissipation device or
shear links, base seismic isolation, mass reduction or another techniques including tuned
mass and liquid dampers or hybrid combination of active and passive energy dissipation
device.
The selection of the optimum retrofit solution is a complex procedure that depends on several
technical and socio-economical parameters.
The retrofitting solutions also depend on the target performance level of the structures, which
is based on selective or overall modification of stiffness, strength, and ductility of structures.
Considering the importance of structure, target life, extent of deficiency of the structures, the
economic viability, availability of the materials and technical resources, and the expected life
after retrofitting; RC shear wall, steel cross bracing and RC jacketing are proposed as the
practically feasible and economically viable retrofitting solutions for existing vulnerable RC
buildings. These proposed retrofitting solutions are effective lateral force resisting systems
and significantly increases the seismic performance of the structures. Added concrete walls
are very popular for seismic retrofitting of concrete buildings. A simple and cost-effective
way of adding walls is to infill with reinforced concrete (RC) selected bays of the existing
frame, especially on the perimeter.
A steel bracing system also has several advantages that make it another effective alternative
for providing additional lateral stiffness and strength to the structure. These are easy to apply,
and they can be applied externally without disturbance to the building’s occupants. The steel
has a high strength-to-weight ratio, thus the additional mass added to the structure is less,
compared to the introduction of a RC structural wall. RC jacketing on the other hand, is
effective in correcting specific deficiencies in strength and /or deformation capacity in the
structures. It significantly improves the shear capacity, flexural strength and ductility of
damaged or weak members in the structures.

Member intervention techniques for RC elements
The local intervention of the structural or non-structural isolated elements aims to increase
the deformation capacity of deficient components so that they will not reach their limit state
as the building responds at the required level. Some of structural elements do not have
adequate strength, stiffness, or deformation capacity to satisfy the strengthening objectives.
Members without adequate strength, stiffness and/or ductility can be strengthened using
various techniques.
The most common member interventions are: RC jacketing, injection of cracks, epoxy resin
injection, shotcrete. This member intervention strategy tends to be the most economical
approach to strengthening when only a few number of the building’s components are
inadequate.
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Seismic retrofit with the help of steel braced systems
The seismic retrofit of existing buildings is a difficult task due to many factors, such as
architectural constraints, the cost of closing the building (or part thereof) during the duration
of the work, or the existence of very reinforced frames due to increased seismic requirements
determined by retrofit strategy. Also concentrically braced frames can be considered as a
simple and effective retrofit system, particularly when inter story drifts should be limited, (in
our case the majority of former industrial buildings have great inter story drifts).
The concept is to design systems that are strong enough to resist seismic forces and also light
enough not to require further reinforcements. For more, would be even better if these systems
could be built without requiring the removal of people from existing buildings.
Concentrically Braced Frames (CBF) are generally used in new buildings and retrofitted ones
to resist earthquakes providing lateral stiffness, strength and ductility. However, under the
action of cyclic load, the progressive loss of compression force and energy distribution affects
the hysteresis bending. To improve hysteretic characteristics of frames is often used cold
formed steel studs (CFSSA) in non-structural dividing walls to limit steel braces sideward
against connections and increase their seismic performance. This may require special designs
of CFSSA parts, to resist in a flexible way to forces out of the plane at the beginning of the
connection. Many theoretical and experimental studies have studied the cyclic inelastic and
complex behavior of steel braced systems. Meanwhile, steel braced systems have merit in
applications of seismic retrofitting and there is no guide to help an engineer to distinguish
which of these actions is preferable in terms of providing rigidity, ductility, maximum
displacement, and distribution of hysteretic energy of a given accumulated force.
In terms of global intervention the use of steel braced system in frame structures is a very
efficient and economical to resist horizontal forces. This structure consists of the usual
columns and beams, whose main goal is to resist gravitational loads, and diagonal elements
that form braced systems which are connected with the upper mentioned so that all elements
form in total a cantilever truss, to withstand horizontal loading. Diagonal elements and beams
behave as truss net elements, while the columns to behave as truss horizontal elements. Steel
braced systems are efficient because the diagonals work in axial strain and therefore require
smaller size of the elements in providing rigidity, horizontal resistance against shear forces.
Three typologies are used in buildings today, and they are: crossed braced, Chevron and
eccentric. Crossed braced systems are often analyzed by structural engineers because they
work only in tension. Chevron braced system are used in buildings where is required free
space between braced elements. Eccentric braced system allow the placement of doors,
arches, passageways and chambers and are commonly used in seismic regions to disperse the
energy of the earthquake in the principal beam and the connection point beam-braced system.
Braced frames are more economical compared to rigid ones.
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Figure 9 – Pushover Analyze of the Metal Processing Factory

Figure 10 – Results of the pushover analysis
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Results

●

Strengthened building resulted in a better performance than that without
reinforcement. Improvement was observed in two main directions, the carrying
capacity and displacements form the seismic spectrum.

●

The increase of the carrying capacity is explained by the redistribution of forces,
thus avoiding local collapses. Besides carrying capacity in shear, we can also justify
the use of steel braces as improving the deformed shape and the overall ductility of
the structures.

●

The carrying capacity in the Y direction was increased 15.786%, in the X direction
the carrying capacity was increased 23.974%. In overall for all the structures we
see an increase in the carrying capacity of 19.88% in both directions.

●

Regarding the displacement of the structure, in the Y direction, we see 4.2%
decrease of displacement. In the X direction we see 9.292% decrease of
displacement of the structures. In overall we have 6.74% of decrease of the
displacement.

●

In terms of oscillation period. In overall we see 9.5% decrease of oscillation period
in the first mode. With the decrease of the oscillation period resulted in the increase
of the performance of the building in terms of carrying capacity, displacement and
damage distribution.
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●

Because of the seismicity of Albania and the lack of seismic requirements in the
design code of the time, the structural retrofit is a crucial procedure in all the
buildings constructed before 1990. The structural retrofit should be a procedure that
does not destroy the memory of the building and of all the surrounding, but a
procedure to maintain all the memory

●

The choice of steel braced system was done not only form all the upper mentioned
arguments but also for economic reasons. The price in Albania for 1ml of 15mm
steel cable is 280ALL (2 euro). So this small amount of money can bring back a
whole memory in Albania.
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Abstract. The condition of the water supply and the actual functioning of the distribution
network in Durres area are inadequate to sustain demand at an acceptable level of service for
all the billing zones.The distribution network of Durres city is fed at one point (Xhafzotaj
junction) for 300-350 l/s with an elevation of about 50 m asl. The planned new transmission
line has a diameter of 700 mm and will bring extra 630 l/s.The water distribution systems are
one of the vital urban infrastructures and their operationwith a high level of service are of
high importance.Many phenomena in water supply systems such as leakage, breakage of
pipes etc. are afunction of pressure. When pressure dependency of demand is considered in
the hydraulicanalysis, the results thereof shall be consistent with reality.This article presents
the new design methodology for a good optimization of the distribution network. The
distribution network has been reconstructed as a ring network. It is planned to build 6
DMA’as (District Metered Area) to control the flow, pressure and consumption in DMA to
build the Water Balance.
Keywords: Rehabilitation network, Optimitazion System, Flow,Pressure,DMA

Introduction
Water distribution systems (WDSs) are one of the major infrastructure assets of the society,
with new systems being continually developed reflecting the population growth, and existing
systems being upgraded and extended due to raising water demands. Designing economically
effective WDSs is a complex task, which involves solving a large number of simultaneous
nonlinear network equations, and at the same time, optimising sizes, locations, and
operational statuses of network components such as pipes, pumps, tanks and valves. This task
becomes even more complex when the optimisation problem involves a larger number of
requirements for the designed system to comply with (e.g., water quality), includes additional
objectives beside a least-cost economic measure (e.g., potential fire damage) and incorporates
more real-life aspects (e.g., uncertainty, staging of construction). The area is partially
supplied with water from the existing network which was originally built in the 20s by the
Italians who have built warehouse No. 1. In the later years until the ‘90s the network was
expanded according to the planned urban development. After the 90s, the way of
development and the intensity of development changed in time, height and territory, creating
problems in the existing water supply districts which are not designed for the new norms and
requirements for drinking water supply. It has been 30 years since the change of the system
and in the distribution network partial reconstructions have been made without giving a final
solution to the 24-hour water supply of the whole city.
Currently in the city the capacities of water depots do not meet the need for 24-hour water
supply and maximum consumption. In the area of the former chemical warehouse, the
existing tank is out of order, failing to supply the surrounding area which is far from the tank
area 2 and 2/1. The tank were built before the '90s with prefabricated structures which have
a lifespan of approximately 50 years which do not meet current design standards. These
depots also have filtrations which pollute the quality of the water that accumulates by
reducing the quality of the water.
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Fig.1 Orto photo since 1990

Fig.2 . Expansion of the city orto photo 20

-Existing condition of water supply
The problem of guaranteeing the quantity of water, to cover the inhabited areas both
quantitatively and qualitatively after the ‘90s, is well known. There are few areas that have
solved this problem for 24-hour drinking water supply per day. This situation comes not
because of the lack of water in our natural resources, but as a consequence of some factors,
the most important of which are those presented below:
-Increased need for water after the '90s with the use of new household appliances.
-Depreciation of existing networks built before the 1990s.
-The demographic movement towards cities has been very high
-Placement of residents in unplanned areas in which there is a lack of engineering
infrastructure and existing networks can not afford this increase in population.
-Technical losses in the network.
-Mismanagement of existing networks due to lack of remote management of consumption,
pressures and losses in the network.
-Illegal connections or flat billing artificially increases water losses.
-Some of the above factors lead to microbiological contamination of water making it unusabl.
For the realization of the project are used all the data of the project of the delivery line from
the sources of Fushe Miloti, realized by the contractor of the World Bank. The project of the
delivery line was realized in the field from the pumping stations in Fushe-Milot to the Former
Chemical Warehouse, Warehouse 2, 2/1 and Warehouse 1. In warehouse 2 a small part of the
outlet for the GRP DN500mm distribution network was implemented.
As supply points for the distribution network will be new warehouses which will be built on
top of the existing ones due to lack of free land in the highest points of the city.
●

Importance of the project.

The purpose of this technical work is the design of the water supply distribution network of
the city of Durres and the area of Keneta. The intervention in this area is done for:
• Water supply area.
• Improved water supply schedule in 24 hours,
• Improving the amount of water per capita,
• Improving water quality,
. Quality and ease of operation and maintenance
The designer has taken into account the existing situation, new projects that have been
implemented in recent years by the company, such as the delivery line from Fushe-Miloti and
the lines in the distribution network that serve the new project. The designer has carried out
the necessary topographic measurements, has carried out the geological study of the bases of
the depots and the lines where the pipeline passes.
All buildings have been identified, their typology, number of floors and number of customers
in the building.
In continuation of the work, all the distribution network lines were laid according to the need
for water based on the experience of the design team and hydraulic calculations were
performed for the whole scheme. The distribution circuit diagram is annular (closed) to
maintain constant and partially open pressures on the periphery of the network. Areas with
closed schemes are the city the lower part by the sea and Keneta the former area of land parcels. Areas
with open schemes are hilly areas of the city, Keneta and Arapaj
Areas that are at a high quota above the quota of existing warehouses were treated as separate areas for
which a new warehouse will be built above the 2/1 warehouse in the military area where the antennas
of mobile companies are. Preliminary hydraulic calculations revealed problem areas that are not
supplied with water, do not have the right pressure or have large hydraulic losses. Then all the
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dimensions of the pipelines were changed and the hydraulic scheme was recalculated several times until
all the technical parameters necessary for a water supply distribution network were adjusted.
After the dimensioning of the network for which the technical parameters of the existing warehouses
were set in advance, the calculations of different 24-hour, 7-day and 12-month scenarios were
performed, for which the data were obtained that the capacity of the existing warehouses does not meet
the needs of customers. . From the hydraulic recalculation and the determination of the volume of
reserve water according to the technical condition, the necessary volumes of the depots for the normal
operation of the network were determined.

Sources

of

Water

Supply

For the realization of the project are used all the data of the project of the delivery line from the sources
of Fushe Miloti, realized by the contractor of the World Bank. The project of the delivery line was
realized in the field from the pumping stations in Fushe-Milot to the Former Chemical Warehouse,
Warehouse 2, 2/1 and Warehouse 1. In warehouse 2 a small part of the outlet for the GRP DN500mm
distribution network was implemented.
As supply points for the distribution network will be new warehouses which will be built on top of the
existing ones due to lack of free land in the highest points of the city. All existing warehouses are
surrounded by private apartments and multi-storey buildings where it is not possible to expand the trail
of new warehouses. The new reservoirs are Reservoir 1 from 3600m3 to 8000m3, Reservoir 2 from
1500m3 to 2000m3, Reservoir 2/1 from 6000m3 to 8000m3 and former chemical depot from 2000m3
to 2000 and above depot 2/1 on the hill to the antennas is planned to be built a warehouse 2000m3
which will supply water to all customers who are in quota above the quota of warehouses 1, 2 and 2/1.
In the areas where it is connected to the distribution pipe GRP DN500mm, a new connection well with
maximum dimensions (7.6 x 3.1) m will be built, which will be equipped with butterfly-type valv with
accumulator for remote control, water purification filter, pressure reducer, meter inductive water and
by pass in case of equipment replacement see figure.

Figure.3 The main node- supply for the first area

Base Demand Assumption: In Demand Management Report the daily demand of a customer
(residential) has been estimated around 230 l/capita/day. Assuming that a residential unit is
made up of 3.3 members, the derived customer load is around 760l/customer/day. If this load
is distributed uniformly along the day, the flow it will be 760 l /24 /3600 s=0.01 l/s. In
WaterGEMS this is set as base demand or demand unit. The total daily demand is not
uniformly distributed: it depends on some factors, mainly from customer water use habits.
There is a large number of studies and scientific researchers all over the world dealing with
factors influencing water demand. Among all, the Consultant based his assumptions on
studies implemented in his country of origin, which is very close to Albania, not only
geographically, but also regarding other factors, as it will be better explained in the next
paragraph.
Peak Factors:Assumption The scope of this paragraph is to assess a pattern for water
consumption at “users’ level,” to be used for future optimized scenarios in Durres water
network. This pattern has to be representative of the net flow coming out from the user-taps,
therefore does not have to include the effect of water losses in tanks and distribution network
as it happens, for example, considering the total outflow measured downstream tanks or,
generally, in upstream pipes feeding the whole distribution network. Figure 4: Average
Pattern in Durres area (table)
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Figure 5: Average Pattern in Durres area (graph)
Hydraulic calculations of the network
The hydraulic calculations of the delivery line are made with antennas of the formula Darsy - Weisbach
which has the following form:

Q - The flow that passes through the pipe
S - Cross section of the pipe
g - Acceleration of free fall
R - Hydraulic pipe of the pipeline
i - Hydraulic slope
f - The coefficient of hydraulic losses found with the formula:

Re - Reynolds number
e - The coefficient of rigidity for plastic pipes is k = 0.0015 m.
Through successive approximations we find the value of f for our pipeline for the given flow
Network calculations are performed using the WaterCAD program

Fig.6 Hydraulic modeling with water cad
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11:1
5
1.35

Fig.7. Water distribution network

DMA No

Customer No Supply Tank

Fig.8 Six water supply areas

Supply Source

_______________________________________________________
SZ No 1
3000
Arapaj Tank
Xh.Zotaj
SZ No 2
12673
Arapaj Tank No 2
XH.Zotaj/New Source
SZ No 3
5100
Sh, Vlash NewTank New Source
SZNo 4
10400
Tank No 1
XH.Zotaj/New Source
SZ No 5
18100
Tank No 2
XH.Zotaj/New Source
SZ No 6
2600
P.Romano Tank
New Source
_______________________________________________________________
Tabele 2.DMAs Main features

Fig.4. Pressure zones and DMA's area

The driving principle to SZ set-up is the elimination of direct supply and zoning the network
to make possible supplying all areas through its tanks. The benefits of applying such principle
are the following:
∙ Directing water from the main transmission entirely into the storage tanks will help the
Operator (DWU) to understand and monitor the transmission main even without a proper
electronic monitoring system. The tank operators are experienced on standard reading
procedures of flows and tank levels on an hourly basis.
∙ Distributing water from gravity to the storage tanks will help and improve pressure
management, by avoiding the pressure fluctuations to service connections and water hammer
issues. Practically, in this case, all existing infrastructure will work under similar pressure
conditions as it works now. Therefore, the losses will be increased only due to continuous
supply, not because of pressure increase.
∙ Supplying each zone through its storage tank would also contribute to understand the zonal
demand distribution and allow DWU to take appropriate conservation and distribution
measures in the future.

Conclusions:
Remodeling and rehabilitation of the water supply network for the city of Durrës in the near
future will finally solve the water supply 24/7 days. The advantage will be the operation of a
much better quality after the operation of water distribution, monitoring of flow and pressure
will be done in real time as a result of the new modeling of the distribution network and
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storage tanks. The network will work at optimal pressures and the cracks in the pipes will be
much less.
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Abstract. Concrete is one of the most widely used construction materials. Compressive
strength is one of the most important properties of hardened concrete. Different codes use
different standards to define the characteristic strength. Albania nowadays is adapting the EN
standards, but previously it used to apply the local code KTP. According to KTP standards
the concrete samples were cubic specimens of 200mm side length. This study is an attempt
to analyse the relation between sample size and compressive strength values of concrete
specimens. For this purpose, 4 concrete classes of C8/10, C16/20, C20/25, C30/37 and 5
different cubic sizes of 50, 100, 150, 200, 250mm side length were investigated. The samples
were taken according to EN 206-1. Six samples were tested for the determination of the
compressive strength value of each class/size combination. According to the compressive
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strength test results the values increase as the size increases up to 150mm, but as the cube
size continues to increase the compressive strength values decrease gradually.
Keywords:
Concrete
samples,
Cube
Size,
Compressive
strength.

Introduction
The modern construction industry is very much depended on Portland cement Concrete.
It has become an indispensable necessity, being the second mostly used material by
humankind after water at a rate of 10 billion tons per year [1]. In many countries the ratio of
concrete to steel exceeds ten to one. Concrete is a very important material that takes a
significant role in our lives. That is why its performance and quality control is crucial for
civil engineering professionals [2]. Concrete is an artificial composite material consisting of
two phases: the first one is the binding medium, which is the cement paste made of cement
water and/or admixtures and the second is composed of aggregate fragments such as fine and
coarse aggregate [3]. As concrete is mainly working under compression, compressive
strength test is the most commonly used testing method to measure the performance of
concrete. The compressive strength test of concrete is mainly performed on cubic and
cylindrical specimens, which type, and dimensions may vary from one country to another.
Compressive strength testing machine compresses the cube or cylinder until failure occurs.
The failure load is divided by cross-sectional area of the specimen giving the compressive
strength value of the tested sample. Compressive strength test of concrete specimens is used
for experimental work, for quality control or for determining the concrete strength in-place.
Strength of concrete is not an absolute value; it may vary from shape and size of specimen.
[4]. The compressive strength value of concrete depends on different factors that can be
divided into two main groups. The first group includes factors that depend on testing
conditions such as: specimen size and its relation with the Dmax; specimen moisture content,
surface roughness and support type; loading rate etc. Whereas the second group includes
factors that depend on the production technology and quality control.
The issue of the effect of shape and size of concrete specimens on the compressive
strength test results has attracted the attention of different researchers. Tokyay and Ozdemir
investigated the effect of specimen size on the compressive strengths of high strength
concrete of 40, 60, and 75 MPa. They tested different sizes of cylinder and cube specimens
It was observed that the strength of the specimens decreases with the increase of the size.
Also, in small specimens when its size decreases the strength decreases [5]. Del Viso et al
also investigated the size effect in high strength concrete and the differences between cubes
and cylinders, their stress-strain curves and failure patterns. They observed that the size effect
in cubes is more obvious than in cylinders. The crack pattern resulted to be sensitive to the
shape of the specimen, but not to the size [6].
Krishna Rao et. al investigated the effect of size and shape on compressive strength of
concrete cubes, cylinders and prisms with different sizes produced with and without
additional glass fibres. Compressive strength on 150mm cubes was more than 100mm cubes.
Cylinders with diameter 100mm had higher compressive strength than cylinders with 150mm
diameter [7].
Table 1. Normal and heavy weight concrete compressive strength classes [8].

Compressive
strength class
C8/10
C12/15
C16/20
C20/25
C25/30
C30/37
C35/45

Min characteristic
cylinder strength
fck.cyl (N/mm2)
8
12
16
20
25
30
35

Min characteristic
cube strength
fck.cube (N/mm2)
10
15
20
25
30
37
45
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C40/50
C45/55
C50/60
C55/67
C6075
C70/85
C80/95
C90/105
C100/115

40
45
50
55
60
70
80
90
100

50
55
60
67
75
85
95
105
115

The European standard EN 206-1 specifies the requirements for the constituent materials
of concrete, the properties of fresh and hardened concrete and their verification, the
limitations for concrete composition, the specification of concrete, the delivery of fresh
concrete, the production control procedures, the conformity criteria and evaluation of
conformity [8]. According to this standard in order to measure the compressive strength
adequately the concrete sample should be taken in compliance with EN 12390-1 [9] in cubes
of 150mm or cylinders of 150/300mm, cured in accordance with EN 12390-2 [10] and tested
in compliance with EN 12390-3 [11]. Table 1 shows the characteristic compressive strength
of the concrete classes for the two different types of specimen according to EN 206-1.
Since the beginning of concrete and reinforced concrete constructions till 1975, the
assessment of concrete compressive strength in Albania was performed on cubic specimens
of 200mm side length, even though it was not an officially standardized procedure [12]. Later
on, in 1975 the 200mm cubic specimen tested according to KTZ 37-75 [13] was defined in
the local codes (KTP). In 2003, the KTZ 37-75 was replaced by national standard S SH EN
206-1 and respectively the cubic specimens of 200mm were replaced by 150mm ones. Taking
in consideration that many of the structures built in Albania according to KTP need to be
analyzed for their compliance to the modern codes, it is important to be able also to specify
the conversion factors for the concrete compressive strength. For that reason, this study is an
attempt to analyze the relation between sample size and compressive strength values of
concrete specimens and propose conversion factors between different sample sizes.

Experimental Program
This study is an attempt to analyse the relation between sample size and compressive
strength values of concrete specimens. For this purpose, 4 concrete classes of C8/10, C16/20,
C20/25, C30/37 and 5 different cubic sizes of 50, 100, 150, 200, 250mm side length were
investigated. Figure 1 shows the moulds prepared for each specimen size

Fig. 1. The moulds prepared for each specimen size

The concrete specimens were taken from ready mix concretes of 4 different classes in a
construction site near Tirana. The maximum aggregate size D max for all the concrete classes
was chosen as 25mm as this is the most common one used in Albania and also to withdraw
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it as a factor that may affect the test results. The moulds were filled in three layers and each
layer was compacted with the steel rod 25 times. After the placing of concrete, the moulds
were covered until the concrete hardened, and then placed for curing in a curing tank until
the 28-day test.

Fig. 2. Concrete specimens of 5 different sizes.

Six samples of each concrete class were tested for the determination of the compressive
strength value of each class/size combination. Figure 3 shows some of the specimens of
different sizes during testing.

Fig. 3. Testing of concrete specimens of different sizes.

Results and Discussions
After the evaluation of more than 120 concrete specimen of different sizes and classes the
average compressive strength values for each class/size combination were reflected in Table
2 and Figure 4. The concrete class was assessed in compliance with EN 206-1 taking in
consideration the 150mm cubic specimen.
Table 2. Average compressive strength values of the four concrete classes for
different cube sizes.

50
C8/10
C16/20
C20/25
C30/37

7.8
13.0
20.6
27.0

Cubic Sample Size (mm)
100
150
200 250
9.7
17.9
24.4
36.8

10.3
22.1
27.0
42.4

10.3
17.8
21.1
26.7

10.0
17.0
18.5
23.2

150/200
(strength ratio)
1.00
1.24
1.28
1.59
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The results show that the size of concrete specimen is a very important factor affecting
the compressive strength values obtained from the testing of the same concrete mix. For all
the four concrete classes part of the investigation it was observed that there is an increase of
the strength with the increasing of sample dimensions, then as the dimensions continue to
increase the strength value decreases.

Fig. 4. Compressive strength changes for different cube sizes.

The highest compressive strength values for all four concrete classes were obtained from
the 150mm cubic specimens. It was also observed that as the concrete class increases the rate
of strength increase and decrease is higher. The results are consistent with literature for larger
specimen, on the other hand the smaller specimen vary in different studies. Tokyay and
Ozdemir in their investigation obtained similar results, even though their study was focused
on high strength concrete [5].
From the comparison between the 150mm and 200mm cubic specimen as shown also in
Table 2 the strength ratio between the two specimen sizes increases as the concrete class
increases. So in order to obtain the fck,cube foreseen in the EN standards from the KTZ there
should be used different conversion factors for different concrete classes. According to these
results the evaluation of compressive strength with 200mm cubes is more conservative that
of 150mm cubes, being such on the safe side.

Conclusion
According to the investigation results the following conclusions are drawn:
● The sample size is an important factor in defining the compressive strength of cubic
specimen
● The maximum strength is obtained from cubic samples of 150mm side length
● The conversion factors used between different cubic sizes vary depending on the
concrete class.
● Further studies should analyse the effect maximum aggregate size, amount of binding
material, type of cement etc.
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Abstract. In this scientific work presented are Seismic basic characteristics. Reliable seismic
hazard assessment depends mainly on the level of consistency, quality and amount of data in
earthquake catalogues. The lack of good seismic activity data may often affect the quality of
the assessment.
This short review of the seismic activity affecting the territory of Kosovo throughout the time,
points out that this region should be considered having high seismic hazard potential. Having
in mind that in the last two decades, the region is undergoing very fast urbanization
characterized with extensive infrastructure development and building modern high rise
structures with different use: residential, administrative, commercial and buildings belonging
to essential facilities such are schools and hospitals it is necessary to be aware of the seismic
hazard to which the built environment can be exposed and all possible consequences of such
event. In order to be able to assess the seismic hazard, it is necessary to integrate data from
various field such as seismology, Seismotectonic, geology, tectonics, geophysics etc.
Keywords:
Seismology,
Seismic
Activity,
Earthquake

INTRODUCTION
The territory of Kosovo in terms of seismicity, represents a space, where a indigenous
powerful earthquakes can be expected as well as an earthquake originating from the seismic
sources in the bordering regions with the neighboring countries, such that might cause
significant damage on the built environment yielding great material and human losses.
Since the establishment of the Kosovo Seismological Network in 2008 in Kosovo, there have
been over 1100 earthquakes with magnitudes of 1.5 to 5.2 on the Richter scale.
Seismic events show that within 15 years the territory of Kosovo has been hit by three
medium-strong earthquakes of magnitude 4.8-5.2-5.7, with human victims (1 victim) and
material damage.
The phenomena of autochthonous local seismicity and the seismicity caused by distant
earthquakes, testify to the ranking of Kosovo in the ranks of territories with a high seismic
activity.
The results of this study have a special importance, both in the scientific-professional aspect
and in the practical aspect, because they give a clear picture of the seismic risk of Kosovo

SEISMICITY OF THE TERRITORY OF KOSOVO
For a well-founded seismic hazard study, we utilized in the first phase all the available
information for the damaged earthquakes of the region, such as the earthquake catalogues of
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Albania, Montenegro, Croatia, Serbia, Macedonia, Greece (Thessaloniki), the earthquake
bulletins of the International Seismological Centre (ISC), the southern and southern-eastern
European earthquake catalogues.
Based on the above mentioned sources, a new catalogue expressed in for the territory
Kosovo was prepared, including about 156 events with magnitude M≥3.5 for the period of
time 1456 until 31/09/2020, utilizing all the available information.
The scale of seismic studies will never be of the right level, since it must be borne in mind
that any new earthquake, which will hit the territory, will bring new data to supplement the
existing ones.
From the seismological point of view, Kosovo is a region with high seismic activity, which
has been hit in the past with 212 earthquakes, Magnitude > 3.5, period 1456-2019, and
may be hit in the future by very strong autochthonous earthquakes, which have shallow foci,
which are generated in the Earth's crust, maximum 15-25 km deep underground, tab.1, fig.1
Table 1. Earthquakes number by Magnitude submitted in the table, period 1456-2019,
Mag .3.5
Nr. Earthq.

112

Magnitude

3.5-3.9

Intensity

4.16-4.83

60

22

11

3

3

4.0 - 4.4

4.5 - 4.9

5.0 - 5.4

5.5 - 5.9

5.0 - 5.66

5.83 - 6.5

6.6 - 7.33

7.5 - 7.6

6.0 - 6.2
8.73 – 9.0

1.1 Magnitude, frequency and distribution the earthquakes
Based on the catalog of earthquakes and seismicity of the territory of the Republic of Kosovo,
the magnitude, frequency and distribution the earthquakes in years are presented in the graphs
below, fig 1,2,3.

Fig. 1 Nr. of Earthquake and Magnitude for every decade

1.2 Focus of earthquakes in the Earth's crust
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From the point of view and seismological study, Kosovo may be hit in the future by
autochthonous earthquakes, which have shallow foci, which are generated in the Earth's crust,
maximum 10-20 km deep underground, fig.2.

Fig.2 Focus of earthquakes in the Earth's crust of Kosovo territory maximum 10-20 km
deep underground
The territory of Kosovo is characterized by a relatively high seismic activity. The most
complete data on earthquakes that have occurred in the territory of Kosovo in the 20-th
century can be found in the international seismological bulletins and as part of the data bases
of the seismological observatories of the neighboring countries. Also, within the Balkan
project that was carried out in the 70’s of the 20th century, an attempt was made to synthesize
data on historic and instrumental data on the Balkan earthquakes, fig 3.
Some of the strongest earthquakes that have affected the territory of Kosovo are listed
below:
The Prizreni earthquake of June 16, 1456 (MS=6.1; 42.2 N, 20.7 E) epicentral intensity of
VIII1/2 degree (Sulstarova et al., 2005),
The Peja earthquake of November 11, 1662 (MW=6.0; 42.7 N; 20.3 E) epicentral intensity
of VIII1/2 degree (Sulstarova et al., 2005; Papazachos et al., 2000),
The Ferizaj-Viti earthquake of August 10, 1921 (ML=6.1; 42.3 N; 21.3 E) epicentral intensity
of IX degree (SO Skopje, D. Hadzievski),
The Viti earthquake of august 15.1921 (Ml = 5.4; 42.3 N, 21.3 E) epicentral intensity of VIII
degree (SO Skopje, D. Hadzievski).
The Gjilan earthquake of September 02.1921 (Ml = 5.0; 42 24 N, 21.3 E) epicentral intensity
of VIII degree (SO Skopje, D. Hadzievski).
The Kaçanik-Viti earthquake of October 03.1921 (Ml = 5.6; 42.3 N, 21.3 E) epicentral
intensity of VIII degree (SO Skopje, D. Hadzievski).
The Gjakova earthquake of September 03.1922 (Ml = 5.3; 42.401 N, 20.493 E) epicentral
intensity of VII1/2 degree (SO Skopje, D. Hadzievski).
The Prizren earthquake of September 26.1945 (Ml = 5.0; 42.15 N, 20.7 E) epicentral intensity
of VII degree (SO Skopje, D. Hadzievski).
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The Klina earthquake of February 05.1947 (Ml = 5.2; 42.5 N, 20.8E) epicentral intensity of
VIII degree (SO Skopje, D. Hadzievski).
The Kopaonik earthquake of May 18, 1980 (MW=5.7; 43.307N; 20.867E) epicentral
intensity of VIII degree (Harvard University, 1980),
The Gjilani earthquake of April 24, 2002 (MW=5.7; 42.412N, 21.555E), epicentral intensity
of VIII degree (ISC, 2002; Elezaj, 2002).
The Istog earthquake of march 10, 2010 (Ml = 5.2; 42.763440N, 20.628110E) epicentral
intensity of VII degree (SIK Sh.Mustafa, N.Hasi, 2010).
The Vushtrri earthquake of November 18, 2013 (MI=4.8; 42.9 N; 21.014 E) epicentral
intensity of VI degree (GSK, Sh, Mustafa, 2013)

Fig. 3 Seismicity Map

1.3 Macroseismic intensity attenuation based Earthquakes catalog of Kosovo territory
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Seismic attenuation describes the loss of energy in the experience from seismic waves when
they propagate. For the territory of Kosovo we get for study three earthquakes with
approximate magnitude but with different depths, 7km, 14km and 20 km, result in different
extinction values, where at a distance of 100 km the 7 km depth quake has much higher
attenuation values than the 20 km depth quake at a distance of 100 km,
Attenuation in 100 km within the territory of Kosovo, results with one intensity scale
difference for two case 7 km and 20 km, tab.2 fig. 4.

(1)

(2)

Table 2. Analysis and study of Seismic attenuation of all earthquakes
I 10 =
7.21
I 10 =
6.25
I 10 =
7.06
I 10 =
5.41
I 10 =
5.92
I 10 =
6.21
I 10 =
6.98
I 10 =
6.43
I 10 =
6.83
I 10 =5.80
I 10 =
6.04
I 10 =
6.80
I 10 =
7.20
I 10 =
6.85
I 10 =
8.00
I 10 =
8.16
I 10 =
8.33

I 20
=6.96
I 20
=5.53
I 20
=6.58
I 20
=4.49
I 20
=5.16
I 20
=5.63
I 20
=6.73
I 20
= .08
I 20
=6.13
I 20
=5.00
I 20
=5.20
I 20
=6.00
I 20
=6.68
I 20
=5.96
I 20
=7.33
I 20
=7.81
I 20
=7.98

I 30=6.65
I 30 = 5.00
I 30 = 6.14
I 30 = 3.90
I 30 = 4.67
I 30 =5.14
I 30 = 6.42
I 30 = 5.72
I 30 = 5.71
I 30 = 4.44
I 30 = 4.63
I 30 = 5.44
I 30 = 6.23
I 30 = 5.38
I 30 =6.81
I 30 = 7.45
I 30 =7.62

I 40 =
5.55
I 40 =
4.59
I 40 =
5.77
I 40 =
3.47
I 40 =
4.20
I 40
=4.75
I 40 =
5.32
I 40
=5.39
I 40 =
5.35
I 40 =
4.02
I 40 =
4.21
I 40 =
5.02
I 40 =
5.85
I 40 =
4.95
I 40
=6.41
I 40 =
7.12
I 40
=7.29

I 50
=6.10
I 50
=4.26
I 50
=5.45
I 50
=3.13
I 50
=3.87
I 50
=4.43
I 50
=5.87
I 50
=5.10
I 50
=5.04
I 50
=3.68
I 50
=3.87
I 50
=4.68
I 50
=5.53
I 50
=4.61
I 50
=6.08
I 50
=6.83
I 50
=7.00

I 60
=5.85
I 60
=3.98
I 60
=5.19
I 60
=2.84
I 60
=3.59
I 60
=4.15
I 60
=5.62
I 60
=4.84
I 60
=4.77
I 60
=3.40
I 60
=3.58
I 60
=4.40
I 60
=5.26
I 60
=4.33
I 60
=5.80
I 60
=6.57
I 60
=6.74

I 70 =
5.64
I 70 =
3.74
I 70 =
4.90

I 80 =
5.44
I 80 =
3.52
I 80 =
4.74

I 90 =
5.25
I 90 =
3.32
I 90 =
4.54

I 100 =
5.08
I 100 =
3.14
I 100 =
4.37

I 70 =
3.34
I 70 =
3.91
I 70 =
5.41
I 70 =
4.61
I 70 =
4.54
I 70 =
3.15
I 70 =
3.33
I 70 =
4.15
I 70 =
5.02
I 80 =
4.08
I 70
= .55
I 70 =
6.34
I 70
=6.51

I 80 =
3.69
I 80 =
5.21
I 80 =
4.40
I 80 =
4.33
I 80 =
2.93
I 80 =
3.12
I 80 =
3.93
I 80 =
4.81
I 80 =
3.86
I 80
=5.34
I 80 =
6.13
I 80
=6.30

I 90 =
3.50
I 90 =
5.02
I 90 =
4.22
I 90 =
4.13
I 90 =
2.74
I 90 =
2.92
I 90 =
3.74
I 90 =
4.62
I 90 =
3.66
I 90
=5.14
I90 =
5.95
I 90
=6.12

I 100 =
3.32
I 100 =
4.85
I 100 =
4.04
I 100 =
3.96
I 100 =
2.56
I 100 =
2.74
I 100 =
3.56
I100 =
4.44
I 100 =
3.48
I 100 =
4.96
I 100 =
5.77
I 100=
5.94
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1.3.1

Results of macroseismic intensity attenuation, based Earthquakes catalog

Fig 4. Graphical representation of Intensity attenuation at a distance of 100km

1.4 Seismotectonic characteristics
From the seismological point of view and study, Kosovo is a region with high seismic
activity, which has been hit in the past and may be hit in the future by very strong
autochthonous earthquakes, which have shallow foci, which are generated in the Earth's crust,
maximum 10-20 km deep underground.
These two phenomena, the autochthonous local seismicity and the seismicity caused by
distant earthquakes, testify to the ranking of Kosovo in the ranks of territories with a high
seismic activity.
The results of this study have a special importance, both in the scientific-professional aspect
and in the practical aspect, because they give a clear picture of the seismic risk of Kosovo.
Drenica Fault Max Depth (km) 10
Inferred from regional geological and seismological
data.
Sitnica Fault Max Depth (km) 12
Inferred from regional geological and seismological
data.
Prishtina Fault Max Depth (km) 10 Inferred from regional geological and seismological
data.
Gjilan Fault Max Depth (km) 12
Inferred from regional geological and seismological
data.
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Prizren Fault Max Depth (km) 25
data.
Dragash Fault Max Depth (km) 13
data.
Peja Fault Max Depth (km) 12
data.
Istog Fault Max Depth (km) 12
data.

Inferred from regional geological and seismological
Inferred from regional geological and seismological
Inferred from regional geological and seismological
Inferred from regional geological and seismological

During the assessment of seismic activity, based on existing data and experience to date from
research conducted, seismotectonic characteristics of Kosovo can be given in more detail
than the data provided by seismological statistics.
In the map below fig.5, are included all the seismic parameters, calculated and studied giving
us a good overview or result in the Seismogenic aspect.
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Fig.5 Seismotectonic Map

General recommendations before an earthquake
It is a normal practice in many countries that, in certain time intervals, the seismic hazard
maps are updated continually, in order to include and reflect the latest achievements in
seismology at local, regional and global level. We think that a study program is necessary to
be undertaken in near future to include further review of the hypocenter parameters of the
Kosovo earthquakes. Another problem would be re-evaluation of the magnitude of the
historical earthquakes that have hit the Kosovo territory.
In conclusion, we think that this study represents an achievement in the philosophy of seismic
hazard assessment for Kosovo. These results can be improved in the future if we’ll have:
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• Further improvement of the seismicity parameters through the updating of the earthquake
data base for Kosovo and the surrounding areas
• A regional seismotectonic model that links seismicity with the active tectonic faults, their
focal mechanism, etc.
• More accurate models for the prediction of ground motion parameters based on regional
strong motion records in Kosovo and the surrounding areas.
Based on all these parameters and seismic values presented and studied, it turns out that the
territory of Kosovo is a seismic zone, so for engineers and architects in their designs
important design parameters should be taken into consideration, so design by capacity,
accepted by all contemporary norms.

References
1.
2.
3.
4.
5.
6.
7.

8.
9.
10.

11.
12.

13.
14.

15.

Aliaj, SH., 1998: Neotectonic Structure of Albania. AJNTS, Nr. 4, 15-42
Ambraseys, N. N., K. A. Simpsont and J. J. Bommer. (1996). " Prediction of Horizontal Response
Spectra in Europe", Earthquake Engineering and Structural Dynamics, Vol. 25, 371-400.
Camelbeeck T. and M. Meghraoui. (1996). "Large earthquakes in northern Europe more likely than
once thought". EOS, Transactions, American Geophysical Union, 77, 405 and 409.
Cornell, C.A., (1968). "Engineering Seismic Risk Analysis", Seismol. Soc. Amer. Bull., Vol. 58,
No. 58, pp. 1503-1606.
Sulstarova, E., 1987: Mekanizmi i vatrave te termeteve ne Shqiperi dhe fusha e sforcimeve tektonike
te sotme. Buletini i Shkencave Gjeologjike, Nr. 4, 133-170.
Sh. Mustafa, D Dojcinovski, G Wang, Z Elezaj, Modelling of Synthetic Accelerograms for
Locations in Kosovo 29-36, J. Int. Environmental Application & Science, Vol. 12(1): 29-36 (2017)
Volkan Sevilgen , R.A. Bennett , I. Brlek , Laurentiu Danciu , V. Kastelic , S. Kovacevic , C.
Kreemer , K. Kuk , N. Kuka , Z. Milutinovic , S. Mustafa , B. Sket-Motnikar , R.S. Stein , and L.
Vucic, BALKANS-OQ - A COLLABORATIVE SEISMIC HAZARD ASSESSMENT OF THE
BALKAN COUNTRIES USING THE OPENQUAKE SOFTWARE AND THE GEM STRAIN
RATE MODEL 3276 Second European Conference
Akkar, S., Bommer, J. (2007). “Prediction of elastic displacement response spectra in Europe and
the Middle East”, Earthquake Engineering and Structural Dynamics, Vol: 36, pp. 1275 – 1301.
Ambraseys, N. N., Simpson, K. A., Bommer, J. J. (1996). “Prediction of horizontal response spectra
in Europe”. Earthquake Engineering and Structural Dynamics, Vol. 25, pp. 371-400.
Bindi, D., Luzi, L., Pacor, F., Sabetta, F., Massa, M. (2009). “Towards a new reference ground
motion prediction equation for Italy: update of the Sabetta-Pugliese (1996)”, Bull. Earthquake
Engineeering, (in press).
Bommer, J., Stafford, P., Alarcón, J. (2009). “The Influence of Magnitude Range on Empirical
Ground-Motion Prediction”, Bull. Seis. Soc. Am; V. 97; no. 6; p. 2152-2170.
Boore, D. M., Atkinson, G. M. (2008). “Ground-Motion Prediction Equations for the Average
Horizontal Component of PGA, PGV, and 5%-Damped PSA at Spectral Periods between 0.01 s and
10.0 s”, Earthquake Spectra, Vol. 24, No. 1, pp. 99-138.
Beresnev IA, Atkinson GM (1997). Modeling finite-fault radiation from the ωn spectrum. Bulletin
Seismological Society of America, 87, 67-84.
Beresnev IA, Atkinson GM, (1998). Stochastic finite-fault modeling of ground motions from the
1994 Northridge, California Earthquake. I. validation on rock sites. Bulletin Seismological Society
of America, 88, 1392-1401.
Mavroeidis GP, Papageorgiou AS, (2002) Near-source strong ground motion: characteristics and
design issues. Proceedings of the Seventh U.S. National Conference on Earthquake Engineering
(7NCEE), Boston, Massachusetts, July 2002, 21-25.

152

Pros and Cons for the Incineration of Solid Waste
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Abstract. According to the latest calculations , the world is currently producing about 1.3
billion tons of garbage every year .Putting that in perspective , if we took all the human beings
on the planet and placed them on an impossibly gigantic scale ,their combined weight would
only be one –quarter of that amount . Unfortunately –or perhaps ominously is the better word
–about 60 percent of this garbage will end up in landfills , which are multiplying globally as
a pace that neraly matches the reproduction rate of the rat populations that live in them .
Dumping and burying everything in landfill is not a viable solution to our collective garbage
disposal problems . There simly isn’t enough usable space , horizantally or vertically to
safely deposit billions of tons of this heavily contaminated material on an annual basis . Other
solutions are needed and may people believe incineration facilities offer a cleaner , tidier and
less land-consuming alternative .Even thugh they are not as common as landfills , municipal

153

incinetarion plants have been around for a while , so there is nothing experimental or
theoretical about this option . But is incineration truly a legitimate or desirable alternative ?
That is a question with no definitive answer .
Keywords . incerenator, landfill , technological change , dumping .

Quick view for Pros and Cons of Waste Incineration

PROS
1. Efficient use of space
2. Elimination of groundwater contamination
3. Energy generation
4. Lower carbon footprint
5 We can place waste incinerators almost anywhere.
6. Filters can help to trap many of the dangerous compounds that incinerators release.
7. It can be useful as a revenue generation tool.

CONS
1.
2.
3.
4.
5.
6.
7.
8.
9.

The capital cost of building a waste incineration facility is quite high.
There is still the possibility of hazardous or toxic pollutants.
The use of incineration could create double disposal charges.
It would discourage the idea of recycling.
Incineration might encourage higher levels of waste production.
The effectiveness of incineration is rather minimal.
It tends to be an option that only works well in the developed world.
Incineration can release particles into the atmosphere.
There can be odor issues with incineration.

Process of solid waste incineration .
In the 21st century, incineration methodology has advanced far beyond its crude origins. In
just the past few decades, large-scale municipal incinerators have become far more efficient
in their capacity to reduce waste to manageable quantities, and to do so in a way that
releases miniscule quantities of contaminants (toxic gases and/or particulate matter) into the
air.
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Modern incineration facilities can generate combustion temperatures of more than 850
degrees Celsius, which is the minimal level necessary for maximum efficiency in the
destruction of potentially hazardous organic materials .High-temperature, mass-scale
incineration of solid waste produces ash, flue gases, and heat, and at the end of the burning
cycle the total mass of solid waste left behind will be dramatically reduced.Even at these
higher temperatures, large-scale municipal incineration plants still produce poisonous
byproducts, including dioxin (a cancer-causing agent) and heavy metals, which can be
highly toxic even in minute traces.
However, scrubbing technology eliminates most of the contamination in flue gases before it
is released, and only trace amounts of dioxin will exit smokestacks (most is removed or
accumulates on the inside of the smokestack, where it can be removed later).
Large-scale modern solid waste incineration plants can process 250 tons or more of garbage
per day, with emissions that are significantly less toxic than what incineration plants were
producing a couple of decades ago.
Is incineration better than landfills?

In terms of their overall impact on the environment, and compared to landfills, incineration
plants have much to recommend them. Nevertheless, incineration still seems to be a classic
example of a “second-best” solution: better than the worst, but a long way from the best we
can do.
The four ‘Rs’—reusing, recycling, repurposing and reducing—offer a more effective
answer to our ongoing garbage disposal dilemma. An ounce of prevention, as has often
been said, is worth a pound of cure—and an ounce of incinerated trash is certainly easier to
handle than a pound of raw garbage.
Recycling and waste reduction must be considered as our first line of defense to reduce our
overall waste stream, and this also must include composting our organic waste instead of
throwing it away. When we think about it, there truly is no “away,” as all waste must go
somewhere. Many of the materials that are thrown away have the potential to be used to
produce new items, and not reusing these materials is a large waste of resources.
Further reading: Why Is Recycling Important?
But there may still be good uses for incineration, even in a mostly “post-garbage” world.
There might be some things we can’t reuse or recycle no matter how hard we try, and
incineration might be the most sensible choice when disposing of these products.In
locations where space is at a premium and the money is available to invest in state-of-theart technology, municipal waste incineration plants are undoubtedly a superior alternative to
landfills, and that may keep them relevant for a long time.On the other hand, waste
incineration in developing countries is not as practical neither economical as in developed
countries, since a high proportion of waste in developing countries is composed of kitchen
scraps. Such organic waste is composed of higher moisture content (40 to 70 percent) than
waste in industrialized countries (20 to 40 percent), making it more difficult to burn.
Ideally, this waste should be composted and used to enrich soil in sustainable agriculture
systems.
Waste not, want not: flexible solutions to our garbage dilemma
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In the short-term, flexibility is essential method for effective waste management, as the
situation in Sweden so aptly reveals.
In Sweden, only seven-tenths of one percent of the garbage they produce ends up in
landfills (in the United States the percentage is 53 percent) [9].
Slightly more than half of the remainder is recycled (in the United States the percentage is
34.6 percent), and the rest is consumed by the 33 waste-to-energy incineration plants that
supply heat and/or electric power to more than two million Swedish households [10].In the
Swedish example, garbage is actually viewed as an exploitable resource rather than a
burden, and that attitude has led the country’s citizens and political leaders to embrace both
recycling and incineration.
Further reading: Countries with the Most Sophisticated Waste Management
The issue of waste incineration may not simply be a matter of “to incinerate” or “not to
incinerate,” but perhaps we should instead be considering where it is appropriate to use
incineration, where it is not appropriate to use, and how incineration technology can be a
part of how we manage our waste disposal in the future. Even if it isn’t the ultimate answer,
large-scale incineration of waste could function as an intermediate step on our path to a
more viable and sustainable future.We also need to ensure that there are strict regulations
concerning emissions from incinerators, and seek to implement the most effective
technologies to eliminate as many of these pollutants as possible.Our current reliance on
landfills is highly unfortunate and leading us into a heaping, stinking mass of misfortune,
and the sooner we can phase them out the better off we will be.
The ideal scenario, of course, is to not produce any waste that endures, but to have an entire
system where materials are returned and utilized again in some way. That is what nature
does, and that is what we also must learn to do.

16 Biggest Pros and Cons of the Incineration of Solid Waste

The number of landfills is growing rapidly as we seek more ways to control our habit of
creating garbage. Proper management techniques can help many of the items we throw
away to start decomposing, but there can also be a serious rodent problem in the places
where we manage our refuse.
When we look toward the future of trash management, it is clear to see that continuing the
landfill habit is not a viable choice. That’s why evaluating these incineration pros and cons
leads communities to a new solution that they might not have considered otherwise.
List of the Pros of Incineration
Incineration allows us to be more effective with how we use space.
If we were to start incinerating all of the trash that we produce each year, then we
could reduce the total mass by up to 85% each year. The overall volume of what
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we create would also shrink by up to 95%. That’s why smaller countries (as
Albania ) are looking at this option if they have not implemented it already. By
providing a way to eliminate the bulk of what requires processing, it is possible to
take care of current refuse needs while reducing the amount that is in storage
having already been processed as well.After the incineration process is complete,
the total mass of the remaining garbage can be reduced by up to 85 percent, while
its volume may shrink by as much as 95 percent .In small countries, or in
municipalities where landfills are full and additional space is scarce, this type of
mass and volume reduction can be a godsend.
It reduces the issue of groundwater contamination around a landfill.When you
have precipitation fall on exposed garbage, then it creates a liquid that we call
leachate. It is something that looks a lot like pea soup, and this thick slurry forms
every time a landfill has rain or snow interact with it. This runoff needs to go
somewhere, which means there is a risk to the local water supply is there is a
significant amount of moisture falling from the sky. Flash floods and severe storms
could present severe problems to the local environment as well. Leachate is thick
pea-soup-like slurry of liquid garbage, which is formed every time precipitation
falls on landfill. It is this contaminated mixture that can penetrate underground
aquifers and pollute them with unsafe quantities of salts, heavy metals and volatile
organic compounds, plus other toxic or corrosive chemicals or substances found in
household trash.When we use incineration for waste management instead of
landfills, then we can reduce the risks of leachate almost entirely.
This waste management option gives us a power-generation opportunity.
There are more than 2,000 waste-to-energy power plants operating around our
planet today. These facilities burn garbage at high temperatures to boil water so
that steam generators can produce electricity. It operates in a similar way to coalfired or biomass facilities. The average incineration plant can burn as much as 3
million tons of garbage each year while giving us the power that we need for our
homes and businesses. It gives us a way to reduce our dependence on fossil fuels
while taking some pressure off our landfills at the same time. As of 2016, there
were approximately 2,200 waste-to-energy power plants in operation around the
planet [6]. These facilities burn garbage at a high temperature to boil water and
power steam generators, which then produces electricity that can be distributed on
the power grid.On average, one such facility can burn up to 300 million tons of
garbage per year, converting it into power that reduces the load on coal-fired
power plants, which of course are a disaster for the environment
It creates a lower carbon footprint for communities that use this technology.When
we burn any organic material, then the carbon in that item will release into the
atmosphere. Having too much of it go up there can cause issues with global
warming, and it could even be one of the reasons why we are seeing record
temperatures on our planet today. When we incinerate trash, then we’re going to
emit a significant quantity of CO2 as we create electricity. Every ton of garbage
that we eliminate using this method places the same amount of carbon dioxide into
the air we breathe.When we compare the carbon dioxide release to what landfills
generate, the benefit is clear. We create a lot of methane with the traditional
storage methods, a greenhouse gas that is up to 20 times more powerful than CO2.
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If we allow the organic matter in our landfills to break down on their current
schedule, then the impact of the gases could accelerate the warming trend by up to
30%. The bad news is that when organic matter (the combustible part of garbage)
is burned, it still emits significant quantities of carbon dioxide, the most common
greenhouse gas produced by human activity.For each ton of garbage incinerated
another ton of carbon dioxide is released into the atmosphere.But this is still an
improvement over landfills. When organic matter biodegrades in landfills it gives
off methane, a greenhouse gas that traps heat in the Earth’s atmosphere far more
efficiently than carbon dioxide.Calculations show that letting organic matter break
down in landfills will contribute about 30 percent more to global warming than
burning the equivalent matter in an incinerator—which is far from zero emissions,
but still a step in the right direction .Additional advantage is that waste
incineration plants can be located near where waste is generated, which decreases
the costs, energy and emissions associated with transporting waste.
We can place waste incinerators almost anywhere.
It is possible to place a waste incineration facility near where the trash generates,
which gives a community several ways to reduce the costs of refuse management.
A closer facility will reduce transportation costs, the impact of energy
expenditures to create electricity, and naturally cap the emissions that come from
these activities all at the same time.
Filters can help to trap many of the dangerous compounds that incinerators
release.The primary concern that most communities have with the incineration of
solid waste is that it can release dioxin. Because they are usually the byproducts of
industrial processes, their toxicity level depends on the number and positioning of
the chlorine atoms. What we have also discovered is that effective filtration can
make the potential for toxins become almost negligible. We can capture carbon
from coal-fired power plants, which means we can do the same for this technology
as well. Most of the pollutants can be collected and disposed of correctly so that
the incineration plant falls into the recommended limits published by the
Environmental Protection Agency.
It can be useful as a revenue generation tool.
It was announced in October 2018 that the Treasury in the UK was considering the
imposition of a tax on waste incineration. London burns over 50% of the trash it
produces each year compared to the 30% that enters a recycling program. For the
rest of the nation, 39% went to incinerators while 44% went into recycling. By
creating small taxes on the power that gets generated from this process, it is an
effective way to generate more revenue for the community to use for social needs.

List of the Cons of Incineration
1.The capital cost of building a waste incineration facility is quite high.
Incineration facilities must go through a series of site studies, permit evaluations, and
construction efforts to create something usable. There might be infrastructure modifications
that are necessary to facilitate a project like this as well since road access, water, and power
are needed for a successful experience. There are labor and material expenses to think about
too.
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Although this technology will help most communities, states, or countries save money
because it reduces the need for a landfill and reduces the environmental impact of the
garbage, the costs might be too high for some to handle. Incineration facilities accrue
significant costs for site studies, permits, construction materials, labor, and local
infrastructure modification (providing water, power, road access, etc.).In the long run, they
may save cities, counties or societies money by reducing the need for landfills and by
helping reduce the environmental impact of garbage disposal.But that is small consolation
for local or state governments with tight budgets, or for the taxpayers who that are expected
to foot the bill for all new waste incinerator facilities costs.
2. There is still the possibility of hazardous or toxic pollutants.
Modern incineration plants have corrected the emissions problems that the previous
generation of facilities encountered when disposing of garbage. The levels of heavy metals
and toxic items like dioxin have been cut to a minimum, a positive when comparing them to
the older facilities. It is essential to remember that these items still occur when creating
power with this method, so there must be frequent testing for arsenic, mercury, and other
problematic materials.The fears that people have of toxic pollution are what will usually
derail an incineration project before the work is complete. You will also create significant
levels of carbon dioxide, so each community must weigh the benefits of disposal using this
method with the potential environmental consequences that could occur. Modern
incineration plants have cut their emissions of heavy metals and toxic poisons like dioxin to
a minimum, in comparison to older incineration facilities that were lax in this area. But
emissions still do occur, and substances like dioxin, mercury and arsenic are not completely
safe for humans or animals at any level.Fear of toxic pollution is one of the main reasons
incineration projects tend to stall. Those who decry the influence of NIMBY—motivated
opposition to municipal incineration plants overlook the fact that people’s concern about air
quality are at least somewhat justified.And even when using the best technologies,
incineration plants remain prodigious emitters of carbon dioxide, the gas that is most
responsible for anthropogenic climate change.
3. The use of incineration could create double disposal charges.
We might be running out of space in our landfills, but it is also essential to remember that
communities have already paid to process this garbage. When an incinerator becomes the
top priority, then the only way to cut into the waste in the area is to process the refuse
again. That means you’re paying twice to process the same garbage, which is the reason
why some consumer prices can be high when using the energy created by this technology.
Perhaps the most important objection to incineration of solid waste arises from the concept
of opportunity costs—that is, the idea that the actions we take automatically preclude other
actions, which might be more effective if we gave them the chance.Some critics of
incineration claim that incineration ultimately encourages more waste production because
incinerators require large volumes of waste to keep the fires burning, and local authorities
may opt for incineration over recycling and waste reduction programs.According to
advocates of the “zero waste” philosophy, incineration promoters are missing the forest
through the trees—or perhaps more accurately, burning down the trees in a futile attempt to
save the forest.If we exploited every available opportunity to recycle the plastic, metal,
glass, rubber and other non-organic waste that gets discarded, and if we composted as much
of our excess organic matters as we conceivably could, zero waste supporters say we could
cut our garbage production by as much as 80 percent [8].Through reuse and repurposing,
and detailed planning to reduce our creation of waste from the get-go, we could get rid of
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most of the rest, they argue—and for the most part they do so persuasively.From a costefficiency standpoint, embracing the zero-waste philosophy would make a tremendous
amount of sense, whether we could reach its most ambitious goals or not. It would change
our collective mindset from reactionary to proactive, altering the fundamental practices and
assumptions of our throw-away society—which incineration does not do.
4. It would discourage the idea of recycling.If each community were to effectively recycle
all of their metal, glass, rubber, and plastic waste, then we could cut the amount of garbage
production we experience each year by as much as 80%. That means we could limit the
pressure on our landfills naturally by being more eco-conscious about our daily
activities.There are numerous ways that we can take trash out of our waste processing
cycles. Through the practices of reuse and repurposing, it is entirely possible to create a
society where zero waste becomes a possibility.
5. Incineration might encourage higher levels of waste production.
Incineration plants create power to manage steam turbines by burning the waste at high
temperatures. It requires a large volume of trash to keep those fires hot, which means come
communities might look at the idea of burning all of their refuse as a way to continue
creating electricity. Some local authorities with this technology under their supervision
have opted for using incineration over waste reduction programs and recycling because of
the desire to maintain the availability of revenues.
6. The effectiveness of incineration is rather minimal.When you compare incineration to
landfill management, then the benefits of this idea tend to shine. Reducing the volume of
waste takes pressure off of the area so that it is easier to manage the trash that comes
through the system.Landfills are also the only waste management effort that is worse than
incineration for the environment. Communities often find that reducing, reusing,
repurposing, and recycling efforts are far more effective at reducing costs. When you invest
in more prevention and wisdom, then the amount that can be saved is often greater than the
revenues that an incineration plan generates by burning garbage for electricity.
7.It tends to be an option that only works well in the developed world.
Waste incineration can work well in the United States, Canada, and the countries of western
Europe because of the industrialized nature of those societies. The refuse that comes from
nations that are not as economically advanced see a high proportion of trash in the form of
kitchen scraps. The moisture content in these items can be up to 70% higher than what you
find in other forms of waste, making it much more of a challenge to burn it effectively.
Those items should be composted to enrich the soil instead.
8.Incineration can release particles into the atmosphere.
Have you ever seen wood particulates release into the atmosphere when a campfire burns?
When we incinerate trash, the highest temperatures possible are used because that approach
reduces, but does not entirely eliminate, the threat of particulates that enter the atmosphere.
This issue is one of the reasons why asthma and other breathing issues can be more
prevalent if there are homes in close proximity to a facility. If the toxins are not
appropriately managed, then there could be severe health issues to consider.Fly ash is the
primary issue that impacts the environment from incineration. Even though there are air
pollution control standards in place that require its capture, it may contain elements that are
often classified as hazardous waste.There can be odor issues with incineration.
Incineration facilities do an excellent job of removing odor issues from the surrounding
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community, but they do not eliminate smells entirely. When the wind is blowing in from
the facility, then the smell of garbage can be overwhelming to some people. Landfills create
a similar issue, but they also tend to be located further away from population centers
whenever possible. This disadvantage can also create problems with property values,
especially if the facility gets located in a neighborhood once the residential nature of the
area is established.
Is Incineration a Viable Option to Consider?
Flexibility is essential for effective waste management techniques. Sweden proves this
point well because only 0.7% of the garage that the country produces will end up in a
landfill. That figure is 53% in the United States.Almost half of the waste that Sweden
generates goes into recycling programs. The rest is consumed by over 30 waste-to-energy
incineration plants that produce enough heat and electricity to meet the demands of over
two million households. That means the country’s perspective is that garbage is an
exploitable resource instead of it being a burden.That’s why we must evaluate the pros and
cons of incineration carefully. It could be a way for us to create a sustainable future while
taking pressure off of our landfills. This option could also create a new set of problems that
we have yet to anticipate with the emissions that this technology generates.
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Abstract. Many associations of engineers around the world have worked to develop rules in
an effort to regulate the ethical practice of the engineer’s profession. These rules are usually
referred as Code of Ethics for Engineers and tries to explain how an engineer must practice
his work with professional ethics. The purpose of this paper is to show, in informative form,
how this field has developed around the world and to emphasize the importance of
implementing these rules during the practice of the profession of engineer.
Keywords: Code of ethics, rules of practice, engineer’s profession

INTRODUCTION
Various societies and associations of engineers around the world apply the Codes of Ethics
in the rules and procedures of professional works, respectively in the practice of the
profession of engineer.
The formulation of codes of ethics has an early beginning, ie at the end of the 19th century
the first engineering ethics standards were drafted, and then many engineering societies
formulated different regulations, the first who started to work in this field was four American
engineering societies of different fields, for example the American Society of Civil Engineers
(ASCE) adopted the first draft of the “Code of Ethics” in year 1914 which after amended to
the development of fundamental principles of the “Code of Ethics of Engineers”, then Japan
Society of Civil Engineers (JSCE) promulgated "the Beliefs and Principles of Practice for
Civil Engineers" in 1938 where through this document tries to present and regulate standards
of conduct of engineers and researchers in the practice of their profession. Then in 1946 the
National Society of Professional Engineers (NSPE) developed the “Canon of Ethics for
Engineers and Professional Conduct”.
All engineering societies and associations aim at formulating documents that regulate and
determine the behavior of engineers in the exercise of their profession, and all drafts have
almost the same or unified intention content.

Content of the Code of Ethics
Engineering is an important and learned profession. As members of this profession, engineers
are expected to exhibit the highest standards of honesty and integrity. Engineering has a direct
and vital impact on the quality of life for all people. Accordingly, the services provided by
engineers require honesty, impartiality, fairness, and equity, and must be dedicated to the
protection of the public health, safety, and welfare. Engineers must perform under a standard
of professional behavior that requires adherence to the highest principles of ethical conduct.
As described above, Codes of Ethics are documents compiled by various societies of
engineers, therefore for informational reasons, ie in order to present what they contain or how
they are formulated, in the following we are presenting the compiled draft by National
Society of Professional Engineers (NSPE). This code, like other codes developed for the same
purpose, is presented and clarified through three chapters:
I.
Fundamental Canons
II.
Rules of Practice
III.
Professional Obligations
2.1 Fundamental Canons

1.
2.
3.
4.
5.

This chapter we are going to present as it is originally described by NSPE.
Engineers, in the fulfillment of their professional duties, shall:
Hold paramount the safety, health, and welfare of the public.
Perform services only in areas of their competence.
Issue public statements only in an objective and truthful manner.

162

6. Act for each employer or client as faithful agents or trustees.
7. Avoid deceptive acts.
8. Conduct themselves honorably, responsibly, ethically, and lawfully so as to enhance
the honor, reputation, and usefulness of the profession.

2.2 Rules of Practice
Rules of Practice explain in details how engineers shall apply above main Fundamental
Canons. For every of six canons are given descriptions and situations at which engineer shall
comply with these canons in his/her practicing of profession. The explanation of the best
ways of practicing the profession of engineer is done through the Case Study which shows
the appropriate forms of behavior of engineers in different situations, always being the
behavior of engineers in accordance with these codes of ethics.
2.3 Professional Obligations
This chapter aims to explain the obligations of the engineer as a professional during the
practice of his profession. Even for this chapter we will present only the titles of the
paragraphs that describe the obligations of the engineer, while the explanations for each point
the reader can find in the official document of NSPE.
2.3.1
2.3.2
2.3.3
2.3.4

2.3.5
2.3.6

2.3.7

2.3.8

2.3.9

Engineers shall be guided in all their relations by the highest standards of
honesty and integrity.
Engineers shall at all times strive to serve the public interest.
Engineers shall avoid all conduct or practice that deceives the public.
Engineers shall not disclose, without consent, confidential information
concerning the business affairs or technical processes of any present or former
client or employer, or public body on which they serve.
Engineers shall not be influenced in their professional duties by conflicting
interests.
Engineers shall not attempt to obtain employment or advancement or
professional engagements by untruthfully criticizing other engineers, or by
other improper or questionable methods.
Engineers shall not attempt to injure, maliciously or falsely, directly or
indirectly, the professional reputation, prospects, practice, or employment of
other engineers. Engineers who believe others are guilty of unethical or illegal
practice shall present such information to the proper authority for action.
Engineers shall accept personal responsibility for their professional activities,
provided, however, that engineers may seek indemnification for services arising
out of their practice for other than gross negligence, where the engineer’s
interests cannot otherwise be protected.
Engineers shall give credit for engineering work to those to whom credit is due,
and will recognize the proprietary interests of others.

Responsibility of engineers
To better present the responsibilities of the engineer we are also giving a description given
by NSPE and cited on Wikipedia, as follows:
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The engineers recognize that the greatest merit is the work and exercise their profession
committed to serving society, attending to the welfare and progress of the majority. By
transforming nature for the benefit of mankind, engineers must increase their awareness of
the world as the abode of humanity, their interest in the universe as a guarantee of overcoming
their spirit, and knowledge of reality to make the world fairer and happier. The engineer
should reject any paper that is intended to harm the general interest, thus avoiding a situation
that might be hazardous or threatening to the environment, life, health, or other rights of
human beings. It is an inescapable duty of the engineer to uphold the prestige of the
profession, to ensure its proper discharge, and to maintain a professional demeanor rooted in
ability, honesty, fortitude, temperance, magnanimity, modesty, honesty, and justice; with the
consciousness of individual well-being subordinate to the social good. The engineers and
their employers must ensure the continuous improvement of their knowledge, particularly of
their profession, disseminate their knowledge, share their experience, provide opportunities
for education and training of workers, provide recognition, moral and material support to the
schools where they studied, thus returning the benefits and opportunities they and their
employers have received. It is the responsibility of the engineers to carry out their work
efficiently and to support the law. In particular, they must ensure compliance with the
standards of worker protection as provided by the law. As professionals, the engineers are
expected to commit themselves to high standards of conduct (NSPE).

Conclusions
The idea of this paper is to present in the form of information for the engineering community
of our country how different societies around the world have tried to present and regulate the
codes of ethics of behavior of engineers during the practice of their profession, so through
this information should be an attempt to show the need or necessity to have such an official
document even in us as an engineering community in our country. Also, considering the
importance of the respective behavior of the engineer during the exercise of his profession, it
is seen the necessity of regulating the profession of engineer that is done through licensing.
As can be seen from the descriptions given in this paper, the correct practice of the profession
of engineer is of paramount importance throughout the performance cycle and the quality of
construction, therefore the implementation of codes of ethics by engineers is of particular
importance, so we as an engineering community should work for the completion of the
licensing of engineers which would regulate the exercise of the profession of engineer and
precisely its conduct in accordance with the approved codes of ethics.
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Abstract. Lately, powerful earthquakes stroke some parts of the world, while the Balkan
peninsula was hit by moderate ones. During a powerful earthquake, a building structure is
invaded by an enormous quantity of kinetic energy 𝐸𝐾 . From the manner this energy is, first
absorbed, then dissipated throughout building structure depends, not only the reaction of
structure as a whole, or structural elements in particular, but the nature, the distribution and
the quantity of the damages also. As Nikola Tesla once quoted: “If you want to find the
secrets of universe, think in terms of energy, frequency and vibration”. In order to be able to
achieve some degree of control, in structural engineering, the frequency is the fundamental
parameter one must begin with. Passive control is actively implemented in the developed
countries, whereas intensive laboratory examinations are underway the last two decades in
the domain of semi-active and active structural control as well. This Paper deals with one of
such: the seismic isolation. It represents a modest temptation in this direction. In the first
2019 conference paper, static case has been treated, whereas this paper treats the more general
case – the dynamic response of a SDOF simple system.
Keywords: Structural control, Energy, Base isolation, stiffness deployment
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INTRODUCTION
When Nikola Tesla quoted: “If you want to find the secrets of universe, think in terms of
energy, frequency and vibration”, it is most certain he should have had more important things
in his enlightened mind than the manner an engineering structure behaves when submitted to
external actions, and yet, it is so meaningful for someone willing to understand how a
structure behaves in this situation.
During the last hundred years and until today the design approach is the one based on
strength of a structural element particularly or the whole structure. Nowadays, at the very
heart of each of modern codes lies the design based on the interplay between the strength and
ductility. Put simply: the ductility demand (DD) must be overcome by the ductility supply
(DS), be it at the local or the global level.
Force-based methods, or as they will be called hereafter - conventional design methods or
approach - impose as the basic requirement, that the structure responds passively to the
hazards (earthquake, wind, etc.), mainly through the combination of resistance, on the one
side, and deformability, energy absorption and dissipation, on the other. It is already well
established that, during a strong earthquake, the structure undergoes significant deformation
(and therefore damage) and, nevertheless, "survives" thanks to its inelastic "excursion" [1].
The designer, therefore, finds himself in situation where he/she has to choose between a
strong structure, responding into the linear-elastic domain, i.e. suffering small if any
deformations/damages at all, or, a weak one – undergoing important deformations/damages
once the hazard has gone. The former requires big expenditures on primary lateral load
resisting members, whilst the flexible one is economically much more suitable if built in such
a way as to resist to moderate (frequent) hazards.
But what about a structure responding within velocity sensitive natural periods? Actual
behavior of structures during strong earthquakes or winds has shown that neither of the design
approaches mentioned above is enough in order to guarantee a satisfactory behavior – a new
and modern approach, based on stiffness deployment is necessary. This paper in all its
modesty aims to treat the subject of the so called “motion based” design. The approach uses
some of fundamental mechanical principles in order to first absorb and afterwards dissipate
a good part of the energy input imposed to a structure, fulfilling thereof two of the principal
requirements: Collapse prevention and serviceability (normal use) including users comfort
level.
Problem definition - conceptual design, creative phase and finally problem refining or
carving is directly connected with human activity [2], whilst machine interaction can help the
above-mentioned activities, but can never replace them.
This paper is a modest attempt to increase the awareness in relation to the nonconventional
approach when undertaking the structural design of highly sensible civil engineering
structures, namely high-rise buildings.
1.1 Human response and sensitivity to vibrations
Whereas conventional design of structures tailors its members based on strength
requirements, establishes the relevant stiffness properties and only then checks the
serviceability criteria (SLS – EN 1990), while maintaining the strength as the principal
requirement (ULS), the ever increasing trend of designing flexible structures, shifts the
emphasis towards displacement (motion) based design.
Frequently, some facilities, such as hospitals, data storage centers, etc., must remain
operational even after they undergone a strong earthquake. Another example could be
semi-conductor manufacturing center, where hypersensitive equipment must stay
(almost) motion-free, since its monetary value may sometimes even exceed that of the
building itself. On the other hand, comfort limits for humans are somewhere near 0.02𝑔
in terms of building accelerations. The parameters affecting human sensitivity to
vibrations are enlisted excellently in [1 – Bachmann, 1997], whilst the Codes treating
the subject are [ISO 2631] and [DIN 4150]. As an example, the human perceptibility
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threshold (person standing) for vertical harmonic vibrations is 34
𝑚𝑚

𝑚𝑚
𝑠2

– just perceptible,

to 1800 2 – intolerable.
𝑠
While sight or hearing are two sensory phenomena centered on two of the basic organs
of the human body, oscillation receptors are like those of heat / cold and are in some
degree a continuation of the nervous system. Thus, the human finger has receptors with
such a degree of sensitivity, that it can probe oscillations whose amplitude revolves
1
around values of 1 ∙ 1−3 𝑚𝑚 𝑡𝑜 ∙ 10−3 [1].
20
When a person works within a shaking skyscraper, he feels uncomfortable on a scale that
can range from "barely sensitive" to "intolerable" one. The degree of comfortability
depends a lot on user’s location, as he will not feel the same when sitting in his office on
the 52𝑛𝑑 floor of a New York skyscraper or on the second floor of a restaurant in Berlin
at an event organized by his friends.
Among the basic parameters that affect human susceptibility to oscillations are [3]:
position (standing, sitting, lying down), direction of incidence with respect to the spine,
personal activity (at rest, walking, running), sharing the activity with others, age and
gender, frequency of occurrence and time of day, the character of the weakening
(extinction) of the oscillations, etc., whilst the intensity of perception depends on
displacement, velocity and acceleration amplitudes, duration and frequency of vibrations
[3].
As for the criteria related to the intensity of perception [3] (sensitivity), they are
expressed through a single parameter which is the effective acceleration (rms - Root
Mean Square) and is given by expression (1.1) as follows:
1

1

𝑎𝑒𝑓𝑓 = (( ) ∙
𝑇

𝑇
∫0

𝑎

2 (𝑡)𝑑𝑡)2

(1.1),

Where 𝑇 – is the time period within which effective acceleration has been measured.
ISO 2631, distinguishes three different levels of human inconvenience (comfortability)
to vibrations:
― The reduced comfort limit, which is the threshold at which human activities such as
eating, reading or writing are hampered by vibrations.
― The fatigue-decreased proficiency boundary, which refers to the threshold where
repeated oscillations cause fatigue in (working) staff, with a direct (negative) result in
reduced productivity. In intensity, this threshold corresponds to three times the limit of
reduced comfort.
― The exposure limit is the upper limit of oscillation tolerance for the health and safety
of the individual. This limit corresponds to six times the limit of reduced comfort.

1.2 Additional Information Required by the Volume Editor

Sensitivity of a cantilever structure depending on type of action - shear
load or bending moment
From classical beam bending theory [4], the differential equation governing the beam
deflections is given by equation (2.1) below:
𝑧 ′′ = −

𝑀
𝐸𝐼

(2.1)
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Where: 𝑧 – vertical deflection; 𝑀 – bending moment; 𝐸 – elasticity modulus; 𝐼 – moment of
inertia of the beam cross section. In the case of a cantilevered beam (see figure below),
deflections are given by the expression (2.2) [4],
(2.2)

𝑧 = 𝑧𝑀 + 𝑧𝑇

Where the displacement due to bending moments is given by expression (2.2a),
𝑧𝑀 =

𝑃
𝐸𝐼

𝑙

𝑥

2

6

∙ ( − ) ∙ 𝑥2

(2.2a)

Whilst the deflection due to the transversal (shear) loads is given by expression (2.2b),

𝑧𝑇 =

𝑃∙𝑙
𝐺𝐹

(2.2b),

∙𝛼

where: 𝛼 – coefficient depending on the shape of cross-section; 𝐺 – shear modulus; and,
𝐹 – cross-section area of the beam.
𝐹𝑖𝑔. 2.1

Cantilevered beam submitted to a concentric load 𝑃

Timoshenko [4], gave an expression (2.3), which is like (2.2),
𝑧=

𝑃∙𝑙3
3𝐸𝐼

𝑑 2

(2.3)

∙ (1 + 0.98 ∙ ( ) )
𝑙

𝑑

Where: – represents the slenderness ratio of the beam.
𝑙

Based on any of fundamental principle of mechanics, one can easily derive the expression
for bending or shear stiffness of the beam (expressions 2.4), meanwhile, the fig. 2.2 below
𝑑

shows both bending and shear stiffness in function of beam’s slenderness ratio . It is worthy
𝑙

𝑑

to remark, that for a slenderness of ~1.02, the share between relative participation is 50 %
𝑙

approximately.
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{𝑘𝑝ë𝑟𝑘𝑢𝑙𝑗𝑒 =
3𝐸𝐼
𝑙3

𝑘𝑝𝑟𝑒𝑟𝑗𝑒 =

𝐸𝐹
3𝑙

(2.4)

𝐹𝑖𝑔. 2.2

Percentage of participation of shear and bending on deflection for
the cantilevered beam shown in 𝐹𝑖𝑔. 1

It is clear, from the Fig 2.2 above, the degree of shear-stiffness “mobilization” towards
deflection participation is from low, for flexible structures (high slenderness ratio,
participation ratio ~𝑚𝑎𝑥 4%) to very low, for “bulky” structures (low slenderness ratio
~0%). This speaks a lot about the degree of sensitivity of a structure, when the slenderness
is
taken
as
a
comparative
measure.
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Static effect cantilever beam with high bending stiffness (elevated
sensitivity
towards
the
effect
of
shear
loads)
Let us consider, once again, the cantilevered structure in 𝐹𝑖𝑔 1 above, but rotated
anticlockwise for 90 degrees now, submitted to a horizontal load 𝑃.
Shear stress due to the above loading conditions is given by expression (3.1) below,

𝑃

(3.1)

𝜏𝑝𝑟 = 𝐹

𝑝𝑟

Where: 𝐹𝑝𝑟 – represents the area cross section of the beam within which shear stresses
are assumed to be constant (the distribution is parabolic!)
In order to comply with the resistance design criteria (ULS) of the cross section, the
necessary cross-sectional area of the beam must fulfil the requirement according to the
expression (3.2) below,
𝑟𝑒𝑧𝑖𝑠𝑡
𝐹𝑝𝑟
≥

𝑃

(3.2)

𝑙𝑒𝑗

𝜏𝑝𝑟

𝑙𝑒𝑗

Where: 𝜏𝑝𝑟 - is the admissible shear stress for the selected material.
In the same way, the necessary cross-sectional area of the beam in order to comply with
admissible deflections criteria (SLS - serviceability), must fulfil the requirement
according to the expression (3.3) below,
𝑠ℎ𝑓𝑟𝑦𝑡𝑧𝑢𝑒𝑠ℎ𝑚.

𝐹𝑝𝑟

𝑃

𝑙

𝐺

𝑧𝑇

≥ ∙

(3.3)

𝑙𝑒𝑗

𝑙𝑒𝑗

Where: 𝑧𝑇 – represents the admissible (acceptable) displacement of the tip of the
cantilevered structure – normally given in advance, in accordance with user’s comfort
[3].
Let now build the ratio between the two cross-sectional areas given by expressions (3.2)
and (3.3), see expression (3.4) below,
𝑠ℎ𝑓𝑟𝑦𝑡𝑧𝑢𝑒𝑠ℎ𝑚.

𝑟1 =

𝐹𝑝𝑟

𝑟𝑒𝑧𝑖𝑠𝑡
𝐹𝑝𝑟

𝑙𝑒𝑗

=

𝜏𝑝𝑟
𝐺

∙

𝑙

(3.4)

𝑙𝑒𝑗

𝑧𝑇

The ratio 𝑟1 represents the threshold which underlines the relative importance of the
displacement design constrains versus resistance (strength) design constrains.
The 𝐹𝑖𝑔 3 below shows the relation between 𝑟1 and

𝑙
𝑙𝑒𝑗
𝑧𝑇

, for given values of

𝑙𝑒𝑗

𝜏𝑝𝑟
𝐺

, which

is constant for a selected material (e.g. steel 𝑆235). Therefore, the ratio 𝑟1 grows linearly,
𝑙𝑒𝑗
so for decreased values of allowed deflections 𝑧𝑇 it grows continuously and thus it puts
added emphasis over displacements (on motions).
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Also, from the equation (3.4), we can see that if we attempt to “intervene” in the quality
of the material, it is clear the ratio 𝑟1 increases (𝑟2 > 𝑟1 ), which practically means yet
more sensitivity (increase of structural sensitivity).

𝐹𝑖𝑔. 3.1 Graphical presentation of sensitivity 𝑟, for the cantilevered structure in function
𝑙
of its slenderness 𝑙𝑒𝑗
𝑧𝑇

Starting from the beginning of the 20th century, and then continuing into the forties until
its end, the technology of materials used in civil engineering has been under a linear
increase - both in production procedures, increasing their quality, and especially their
mechanical resistance refinement. It is particularly noteworthy, that while the
mechanical resistance (e.g. concrete or steel) has been doubled, at least, if not quadrupled
in some cases, their material stiffness (corresponding modulus of elasticity) has remained
almost constant [2].

Static effect cantilever bending beam with low shear bending (elevated
sensitivity
towards
the
effect
of
bending
loads)
Let analyze once again the cantilevered structure as shown in Fig 2.1. The bending moment
at cantilever’s spring (the fixed support) is

(4.1)

𝑀 = −𝑃 ∙ 𝑙

The bending stress 𝜎 is a well-known expression from the Strength of materials
𝑀

𝜎𝑝ë𝑟𝑘 = 𝐼 ∙ 𝑧
𝑝𝑟

(4.2),
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Or, if expressed in terms of section modulus 𝑊𝑝ë𝑟
𝑀

𝜎𝑝ë𝑟𝑘 = 𝑊

(4.3),

𝑝ë𝑟

Where: 𝐼𝑝𝑟 - is the moment of inertia of the cross-section, 𝑧 – is the fiber’s distance from
the neutral axis, 𝑊𝑝ë𝑟 =

𝐼𝑝𝑟
𝑑
2

( )

– is the section modulus

The displacement at the tip of the cantilever, under the actual load is
𝑢𝑝ë𝑟𝑘 =

𝑃∙𝑙3

(4.4),

3𝐸𝐼𝑝𝑟

In order to comply with the resistance design criteria (ULS) of the cross section, the
necessary cross-sectional moment of inertia of the beam must fulfil the requirement
according to the expression (4.4) below,
𝑟𝑒𝑧𝑖𝑠𝑡
𝐼𝑝ë𝑟𝑘
≥

𝑃∙𝑙∙𝑑

(4.4)

𝑙𝑒𝑗

2𝜎𝑝ë𝑟𝑘

𝑙𝑒𝑗

Where: 𝜎𝑝ë𝑟𝑘 - is the admissible bending stress for the selected material.
In the same way, the necessary moment of inertia of the beam in order to comply with
admissible deflections criteria (SLS - serviceability), must fulfil the requirement according
to the expression (4.5) below,
𝑠ℎ𝑓𝑟𝑦𝑡𝑧𝑢𝑒𝑠ℎ𝑚.

𝐼𝑝ë𝑟𝑘

≥

𝑃∙𝑙3

(4.5)

𝑙𝑒𝑗

3𝐸𝑢𝑝ë𝑟𝑘

𝑙𝑒𝑗

Where: 𝑢𝑝ë𝑟𝑘 – represents the admissible (acceptable) displacement of the cantilever’s tip.
Once again, we establish the ratio between the moment of inertia required to satisfy
serviceability criteria to the moment of inertia required to satisfy strength criteria
𝑠ℎ𝑓𝑟𝑦𝑡𝑧𝑢𝑒𝑠ℎ𝑚.

𝑟𝑝ë𝑟𝑘 =

𝐼𝑝ë𝑟𝑘

𝑟𝑒𝑧𝑖𝑠𝑡
𝐼𝑝ë𝑟𝑘

=

𝑃∙𝑙3
𝑙𝑒𝑗

3𝐸𝑢𝑝ë𝑟𝑘

𝑙𝑒𝑗

∙

2𝜎𝑝ë𝑟𝑘
𝑃∙𝑙∙𝑑

=

2𝑙
3𝑑

𝑙𝑒𝑗

∙

𝜎𝑝ë𝑟𝑘
𝐸

∙

𝑙

(4.6)

𝑙𝑒𝑗

𝑢𝑝ë𝑟𝑘

Like the 𝐹𝑖𝑔 3.1, the plot below shows the dependence of the ratio 𝑟𝑝ë𝑟𝑘 in function to
𝑙

mainly three parameters: global slenderness , allowable deformations
𝑑

the ratio of the beam’s span 𝑙 to allowable tip displacement

𝑙𝑒𝑗
𝑢𝑝ë𝑟𝑘 .

𝜎𝑙𝑒𝑗
𝑝ë𝑟𝑘
𝐸

, and finally
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𝐹𝑖𝑔. 4.1 Graphical presentation of sensitivity parameter 𝑟, for the cantilevered structure
𝑙
in function of its slenderness 𝑙𝑒𝑗
𝑢𝑝ë𝑟𝑘

Like in the case of the shear beam, each increase of

𝑙
𝑙𝑒𝑗

𝑢𝑝ë𝑟𝑘

, i.e. the decrease of the

𝑙𝑒𝑗

allowable displacement 𝑢𝑝ë𝑟𝑘 , puts more emphasis on displacement if span is to 𝑙 remain
constant. One could increase the allowable bending stress (steel grade or concrete class),
𝑙𝑒𝑗
hoping to decrease the (overall) sensitivity, but 𝜎𝑝ë𝑟𝑘 puts even more emphasis on
displacement constraint, as it is shown in the 𝐹𝑖𝑔. 4.1 above.
For example, let consider a steel beam of strength class 𝑆235, with allowable stress
𝑁
𝑁
(yield strength) 𝑓𝑦,𝑘 = 200 2 [5], a Young’s modulus 𝐸 = 170000 2 , and a
𝑚𝑚
𝑙

𝑙

slenderness = 8. The value
𝑑

𝑙𝑒𝑗
𝑢𝑝ë𝑟𝑘

𝑚𝑚

at which (the sensitivity) a transition from strength to

serviceability occurs can easily be calculated from expression (4.6) (𝑟𝑝ë𝑟𝑘 = 1),
𝑙
𝑙𝑒𝑗

𝑢𝑝ë𝑟𝑘
Thus, for

𝑙
𝑙𝑒𝑗

𝑢𝑝ë𝑟𝑘

|𝑟𝑝ë𝑟𝑘 =1

𝑁
3 𝑑 𝐸
3 −1 170000 𝑚𝑚2
= ∙ ∙ 𝑙𝑒𝑗 = ∙ 8 ∙
= ~160
𝑁
2 𝑙 𝜎
2
200
𝑝ë𝑟𝑘
2
𝑚𝑚

> 160, i.e. 𝑟𝑝ë𝑟𝑘 > 1, the structural design of the cantilevered structure

is governed by its tip displacements.
Let now try to improve the steel grade and instead of 𝑆235 we use steel 𝑆355, with
𝑁
𝑓𝑦,𝑘 = 355 2 , whilst Young modulus and slenderness remains unchanged,
𝑚𝑚

𝑙

|

𝑟
=1
𝑙𝑒𝑗
𝑢𝑝ë𝑟𝑘 𝑝ë𝑟𝑘

3

𝑑

𝐸

𝑙

𝑙𝑒𝑗
𝜎𝑝ë𝑟𝑘

= ∙ ∙
2

3

= ∙ 8−1 ∙
2

𝑁
𝑚𝑚2
𝑁
355
𝑚𝑚2

170000

= ~90, so it is evident now, that

displacement controls the Design process, for the full range of the admissible
𝑙𝑒𝑗
displacements
𝑢𝑝ë𝑟𝑘 .

Summary
The last decades, many research studies have been going on relating to the Design
approach. Currently, most structural codes worldwide have adopted the approach based
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on force as a design strategy, i.e., an approach based on giving the necessary
strength/ductility to the structural elements, or to the whole structure in general.Now, in
a philosophical point of view – does it exist an objective reason of the force to exist, and
how do we cognitively recognize it? It is a generalized displacement of a node, that
makes us knowledgeable of the force existence, that is, because of the fact we see the
displacement, we are certain of the force existence. It is precisely this fact, although
known since the dawn of engineering, that during the last three decades initialized the
displacement design approach thinking within the professional community, first in USA,
and afterwards elsewhere in industrialized countries.Human being does possess a
sensitivity towards external natural phenomena in general, and vibrations in particular.
Thus, acceleration of the order 0.02g are the threshold at which humans begin to feel
uncomfortable [Eurocode 8]. On the other hand, structures, in dependence of their
physical characteristics, do possess a certain level of sensitivity. A structural designer,
when has several possibilities at his disposal: to design a strong structure, that is, a
structure responding quasi statically; a structure designed in the domain of
resistance/ductility response; a flexible to very a flexible structure, responding within the
increased displacements domain. The first family of structures requires higher initial
costs, the second one can be economical, whilst the last family can be built with medium
to low initial costs but can suffer important to very high damages after it has been
submitted to externa hazards.In this first paper, hoping to be continued with yet another
one, the Author has attempted in a modest yet significant manner to underline the
importance of structural sensitivity, first for a shear beam and second for a bending beam.
For the first family of structures the importance of shear stresses and their contribution
to the total amount of displacement has been treated, based on Timoshenko’s classical
beam theory [Timoshenko], whilst in the second case, the bending stress importance for
the same parameter has been analyzed. Both for the first as well as for the second case
sensitivity parameter 𝑟 [6] has been represented graphically, in order to underline the
importance of serviceability criteria towards the strength (resistance) criteria.
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Building Materials and Environmental Indicators
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Abstract. Sustainable development is a key component in urban studies. The sustainability
of buildings has become a headline topic in recent years. Buildings do not exist in isolation
from their environment, however, but are integrated with infrastructure. In defining
sustainable buildings, the issue arises how to incorporate the influences of not only user
behavior, building design and technologies, but the associated infrastructure that comprises
the entire built environment. The built environment considered here includes all buildings
and infrastructure, and in this context, comprises approximately 10% of global GDP. The
building and construction sector alone is not only the largest consumer of natural resources,
in terms of both land use and materials extraction, but is responsible for 30-40% of global
primary energy use and greenhouse gas (GHG) emissions. An important element in the
implementation of sustainability goals in the built environment is the availability and
dissemination of quantified knowledge about the effects that the construction, use,
maintenance, and decommissioning of buildings and infrastructure are having on the
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environment. One approach to making that knowledge available and useful in the pursuit of
sustainability is through the use of indicators. Indicators can be defined as variables that have
been chosen for their ability to describe specific characteristics in the state of a system. Many
sets of indicators have been developed, and then utilized independently or aggregated into
indices to assess different components or aspects of sustainability,
While many of these indicator sets and indices incorporate segments of the built environment
into their analyses, none of them incorporate a complete and specific set of indicators.
Keywords: sustainability, indicators, infrastructure, built environment.

INTRODUCTION
At the 1992 United Nations Conference on Environment and Development in Rio de
Janeiro the contract parties commonly acknowledged the concept of sustainable development
as a response to the environmental, social and economical challenges the world is facing
today. This approach of tackling economic, social and environmental issues in an integrated
approach and anchoring their consideration institutionally was concretised in the
‘Agenda_21’ – the action programme of the United Nations for the twentyfirst century.

Objective and scope of the study
The objective of this study was to explore:
– if (and to what extent) consensus on environmental indicators for buildings as ‘a
common language for green building’ can be reached among the core actors local building
authorities, professional clients, client consultants, project designers, administrators of
buildings and developers of environmental indicators for buildings; and
– what environmental indicators for buildings that are acceptable as ‘a common language
for green building’ for the relevant actor groups could look like. To reach this objective the
study investigates
– the environmental effects of buildings from a life cycle perspective
– the major decision-making situations in a building’s life cycle: what is the
environmental relevance of the decisions taken, who are the relevant actors and which
environmentally relevant data are available?
– existing indicator systems: Which indicators and indicator systems are already in use,
what is their scope with regard to environmental issues, decision-making situations and target
groups?

Environmental issues:
The impacts of environmental factors on the degradation of building elements (for
example disintegration of roof coverings caused by acid rain) were not within the scope of
this study. Besides this no further demarcation with regard to other environmental issues
considered was defined beforehand. Instead, it was part of the investigation to study, which
environmental issues are considered relevant by the different actor groups. As the study
focuses on indicators as a means of describing the environmental effects of buildings,
economic implications of environmental measures or possible linkages between
environmental indicators and economic aspects are not within the scope of this investigation.
Actors: This study focused first and foremost on the following professional actors in the
building sector10, who directly take environmentally relevant decisions:
– Local building authorities, represented by the municipality officers in charge of
planning, building and environment;
– Professional clients
– Project designers
– Client consultants
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– Administrators, that is those, who manage or deal with the operation, maintenance and
renovation of existing buildings at higher levels, for example in the administration of cooperative housing societies or the building departments of municipalities and
– Developers of environmental indicators for buildings / building researchers.
The study’s subject: What is an ‘indicator’?
Research can be understood as an iterative intellectual journey between the two poles of
the abstract and the concrete. As the starting point of this journey in this section I elucidate
the subject of this study
– ‘environmental indicators for buildings’
– in an abstract way. What is an ‘indicator’? What is an ‘environmental indicator for
buildings’? What does the notion ‘environment’ mean in this context and which
understanding of ‘the environment’ do we imply if we use ‘environmental indicators’? If
‘environmental indicators for buildings’ are to tell us something relevant about the reality
‘environment’ and the reality ‘building’.

Research tasks and methods
It is characteristic of this study that it enters into two spheres of scientific reasoning: the
environmental scientific sphere and the social scientific sphere. Of course in the analysis of
the relevant social groups SCOT’s symmetry principle is applied. A study on environmental
indicators for buildings, however, has to also elucidate the environmental side of the coin. In
this study this is done from the environmental scientific perspective, well aware of the fact
that in the social constructivist approach this perspective is only one specific perspective held
by a specific relevant social groups among other perspectives held by other groups. The
reason for doing so is simply that the environmental scientific perspective could be predicted
to offer most knowledge about ‘the environment’ and this in a structured way. Thus it could
serve as a point of reference for the environmental foci of the other relevant social groups,
whose view at ‘the environment’ could be anticipated to be less elaborated in terms of
detailed, structured and documented environmental knowledge.

Hazardous substances
Many of the diseases and disorders in the human population as well as in ecosystems in
general that are attributed to the ‘environment’ are caused by toxic chemical compounds. The
environment (air, water, solid waste, etc.) provides the pathways from the source of these
chemicals to the affected organisms. Even though the notion ‘hazardous substances’ usually
means chemicals that are known to lead to especially serious disorders even in small
concentrations.
The indicator systems in the scope of this study can be distinguished into three different
indicator-principles: life cycle assessment (LCA) ,checklist indicators and input-output
indicators. All systems consider energy and emissions to air, while the other environmental
issues are only considered by some of the systems.

Summary and conclusions
Now it is time to return to the research questions posed in the introduction. The objective
of this study was to explore:
– if (and to what extent) consensus on environmental indicators for buildings as ‘a
common language for green building’ can be reached in the near future among the core actors
local building authorities, professional clients, client consultants, project designers,
administrators of buildings and developers of environmental indicators for buildings and
– what environmental indicators for buildings that are acceptable as ‘a common language
for green building’ for the relevant actor groups could look like.
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To answer these questions, the results from the separate research tasks are recapitulated.
Core results and core conclusions drawn from the results are displayed in separate tables for
better readability. Results from the research task in the environmental scientific sphere .The
separate research tasks that have been investigated in the different papers of this study to
answer the overall research questions revealed the following results: Environmental effects
of buildings and environmental relevance of the decision-making situations. The
investigation of the environmental effects of buildings and of the three decision-making
situations, based on a literature survey and the qualitative interviews with the representatives
of the different actor groups, showed that buildings contribute to a broad spectrum of
environmental effects. From the environmental scientific point of view it is therefore not
justifiable to use, for example, ‘energy consumption’ as a representative indicator for a
building’s total environmental performance. All phases of a building’s life cycle are
environmentally relevant. Indicators should therefore cover all life cycle phases of a building.
The description of the three decision-making situations in the scope of this study: sitting of
the building, project design and renovation illustrated that all three are environmentally
relevant but differ with regard to the environmental ‘hot spots’ and the actors.
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Abstract. The paper discusses the mixed-integer non-linear programming (MINLP)
approach to the optimization of structures. The MINLP is an optimization technique which
is able to solve non-linear and discrete optimization problems. It calculates continuous
variables (loads, dimensions, stresses, deflections, costs) and discrete variables (topology,
standard sections, material grades). The MINLP optimization model of a structure should be
developed. In the model, an objective function is subjected to structural analysis and
dimensioning constraints in order to satisfied ultimate and serviceability limit states
according to Eurocodes. Appropriate MINLP algorithms and strategies are used to solve the
defined MINLP problem. Two numerical examples are presented at the end of the paper.
Keywords: Structural Optimization, Discrete optimization, Mixed-Integer Non-Linear
Programming, MINLP

Introduction
The paper discusses the mixed-integer non-linear programming (MINLP) approach to the
optimization of structures in civil engineering. Since the MINLP performs continuous and
discrete optimization simultaneously, it deals with continuous and discrete variables. While
the continuous variables are defined for the continuous optimization of parameters (loads,
stresses, deflections, weights, costs, etc.), the discrete variables are used to express discrete
decisions, i.e. the existence or non-existence of structural elements within the defined
structure. Extra discrete binary 0-1 variable y is assigned to each structural element. The
element is selected by the optimization process to construct the structure if its binary variable
takes the value one (y=1), otherwise it is removed from the structure (y=0). Different discrete
material grades, standard cross-sections and rounded dimensions can also be defined as
discrete alternatives.

179

The MINLP optimization approach requires that a structure is generated as an MINLP
superstructure, which is composed of different structure/topology and design alternatives, all
of which are candidates for a feasible and optimal solution. While the topology alternatives
represent different selections and interconnections of the corresponding structural elements,
the design alternatives include different material grades, standard sections and rounded
dimensions. The main goal of the optimization is to find a feasible structure within the given
superstructure that is optimal with respect of manufacturing cost (or structural mass),
topology, material, standard dimensions and rounded dimensions.
For MINLP optimization, the MINLP optimization model of a structure must be developed
in which the cost or mass objective function of a structure is subjected to design, structural
analysis and dimensioning constraints in order to fulfill the ultimate and serviceability limit
state conditions. While structural analysis constraints are used to calculate internal forces and
deflections, dimensioning constraints are defined according to Eurocode specifications or
other standards.
Many different methods to solve MINLP problems have been developed in the near past.
This paper reports on the experience gained in MINLP problems using the Modified OuterApproximation /Equality-Relaxation (Modified OA/ER) algorithm by Kravanja & Grossman
[1]. The algorithm was adapted by Kravanja et al. [2-5] and applied in structural optimization.
The Linked Multi-level Hierarchical Strategy (LMHS) was developed to accelerate the
convergence of the mentioned algorithm.

MINLP model formulation
The optimization problems in the field of structural optimization are usually non-linear, nonconvex, continuous and discrete. The MINLP is therefore selected for the optimization. A
general MINLP model formulation can be formulated as follows:
min z = f(x,y)
subjected to:

g(x,y) ≤ 0

(1)
(2)

x X {x Rn: xLO ≤ x ≤ xUP}

(3)

y Y {0,1}m

(4)

where x is a vector of continuous variables and y is a vector of discrete binary (0,1) variables.
The function f(x,y) is the objective function subjected to the (in)equality constraints g(x,y).
At least one function must be non-linear. All functions must be continuous and differentiable.
In structural optimization, the continuous variables x define dimensions, strains, stresses,
costs, etc., and the binary variables y represent the potential existence of structural elements
within the defined superstructure and the choice of discrete material grades, standard sections
and rounded dimensions (continuous dimensions are rounded up to whole values in cm or
mm). Non-linear equality and inequality constraints and the bounds of continuous variables
represent the strict system of design, loading, resistance and deflection constraints known
from structural analysis and dimensioning.

Solution of the MINLP optimization problem
Once the MINLP model of a structure is developed, the defined MINLP problem is solved
by using an appropriate MINLP algorithm and strategy. In principle, a general class of
MINLP optimization problems can be solved by the following algorithms and their
extensions:
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● Generalized Benders Decomposition (GBD), presented by Benders [6] and
Geoffrion [7],
● Non-linear Branch and Bound (NBB), proposed and used by many authors, e.g.
Beale [8], and Gupta and Ravindran [9],
● Outer-Approximation (OA), presented by Duran and Grossmann [10],
● Feasibility Technique (FT) by Mawengkang and Murtagh [11],
● Sequential Linear Discrete Programming (SLDP), presented by Olsen and
Vanderplaats [12], Bremicker et al. [13],
● LP/NLP based Branch and Bound (LP/NLP BB), presented by Quesada and
Grossmann [14],
● Extended Cutting Plane (ECP) by Westerlund and Pettersson [15].
The extension of the OA, the Outer-Approximation /Equality Relaxation (OA/ER) algorithm,
developed by Kocis and Grossmann [16] to handle equality constraints, seems to be one of
the most efficient algorithms for solving large MINLP problems when NLP sub-problems
are expensive and difficult to solve. The OA/ER algorithm consists of the solution of an
alternative sequence of optimization sub-problems of Non-linear Programming (NLP) and
Mixed-Integer Linear Programming (MILP) main problems, see Kravanja et al. [3]. The
former corresponds to a continuous optimization of parameters for a mechanical structure
with a fixed topology, material grades and standard sections, and results in an upper bound
to the objective to be minimized. The latter involves a global linear approximation to the
superstructure of alternatives where a new topology, material grades and standard sections
are identified so that its lower bound does not exceed the current best upper bound. The search
for a convex problem is terminated if the predicted lower bound exceeds the upper bound,
otherwise it is terminated if the NLP solution cannot be improved.
The OA/ER algorithm and all other MINLP algorithms mentioned do not generally
guarantee that the solution found represents the global optimum. This is due to the presence
of nonconvex functions in the models that can cut off the global optimum. To reduce the
undesirable effects of non-convexity, the Modified OA/ER algorithm of Kravanja and
Grossmann [1] was proposed.
The optimal solution of a comprehensive, non-convex and non-linear MINLP problem
with a high number of discrete decisions is generally very difficult to achieve. For this
purpose, the MINLP Linked Multi-level Hierarchical Strategy (LMHS) was developed to
accelerate the convergence of the Modified OA/ER algorithm. With the LMHS strategy we
hierarchically decompose the original integer space and the original MINLP problem into
several subspaces and corresponding MINLP levels, which significantly improves search
efficiency. Decision levels are hierarchically classified as:
● Level of discrete topology and material alternatives (the highest level),
● Level of discrete standard dimension decisions (the middle level),
● Level of rounded dimension decisions (the lower level).
Higher levels give lower bounds to the original objective function to be minimized, while
lower levels give upper bounds. The MINLP sub-problems are iterated at each level until the
NLP solution has no more improvements. For more on the multi-level strategies see [17, 18].

Numerical examples
To demonstrate the applicability of the MINLP optimization approach, three numerical
examples are presented. The optimizations are performed with the MINLP computer package
MIPSYN [19]. The Modified OA/ER algorithm and the LMHS strategy are applied, using
CONOPT4 (Generalized reduced-gradient method) [20] for the solution of NLP subproblems and CPLEX 12.7 (Branch and Bound method) [21] for MILP main problems.
GAMS (General Algebraic Modelling System) [22] is used for modelling.
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5.1 Composite floor system
The first example shows the simultaneous cost, material and standard dimension optimization
of an I-beam composite floor system with a span of 30 m, which is exposed to its own weight
and the uniformly distributed imposed load of 6 kN/m 2.
The composite floor system consists of a reinforced concrete slab and symmetrically
welded steel I-beams. A complete shear connection between the concrete slab and the steel
profiles is taken into account. The optimization model COMBOPT is developed in the
environment GAMS, see [23-24]. The material and labour production costs for the composite
beams are considered in the economical type of the objective function, subjected to the given
design, material, resistance and deflection constraints defined in accordance with Eurocode
4 [25]. The design plastic moment resistance of the composite section is considered.
The superstructure comprises 7 different concrete strengths (C20/25, C25/30, C30/37,
C35/45, C40/50, C45/55, C50/60), 3 different structural steel grades (S 235, S 275, S 355), 9
different standard iron sheet thicknesses (from 8 mm to 40 mm) for webs and flanges
separately, 25 different standard reinforcing meshes and 27 different rounded dimensional
alternatives in a whole cm for slab depth (from 4 to 30 cm). The combination between the
above-mentioned discrete alternatives results in 1.148·10 6 different structural alternatives.
One of these is the optimum variant.
The optimal result of 112.08 EUR/m2 is achieved, see Figure 1. In addition to the optimal
self-production costs, the optimal concrete strength C50/60, steel grade S 355, the concrete
slab depth, standard reinforcing wire mesh and the optimal standard thicknesses of steel webs
and flanges are achieved.

Fig. 1. Optimal composite I beam floor system.

5.2 High-pressure steel penstock Kozjak
The second example deals with the mass optimization of a high-pressure steel penstock,
planned to be manufactured for the Kozjak pumped storage hydroelectric power plant in
Slovenia, 15 km from the city of Maribor. The Kozjak power plant consists of an already
constructed water reservoir of 3 million m 3, a gross water head of 743 m and a net capacity
of 2 x 220 MW of 2 Francis-reversible turbines.
The company IBE from Ljubljana prepared the design for the Kozjak power plant and
carried out a dimensioning of the penstock. Different variants were planned, including the
alternatives of the inclined and vertical penstock. The variants of the inclined penstock were
designed in 2011 [26]. The optimization of the penstock variants was then performed at the
Faculty of Civil Engineering, University of Maribor.
The optimization model PIPEOPT was developed and applied, see Kravanja [27]. The
model includes the mass objective function of the longitudinal pipe sections. The constraints
for the dimensioning of the penstock are defined according to the C.E.C.T. recommendations
[28]. Two load cases on the pipe are considered. The first case is the internal water pressure
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caused by filling the penstock with water. The dynamic effect of water hammer is also taken
into account. The second load case represents the external water pressure, which is calculated
so that it is equal to the height of the external groundwater.
The optimization of the longest penstock variant, variant 1, with the length of 2471.03 m
is shown in the paper, see Figure 2. This variant consists of the steel lining without stiffening
rings, designed from the high-strength steel S 690Q.
The inner diameter of the pipe varied from 3.9 m to 4.3 m, the various defined pipe length
sections are from 144.10 m to 619.78 m long, the corrosion allowance taken into account is
2 mm, the maximum defined internal water pressure is 102.83 bar and the maximum external
water pressure taken into account is 46.38 bar. While the safety factor in relation to the
internal water pressure is 1.50, the safety factor in relation to the external water pressure is
1.80.

Fig. 2. Longitudinal section of the steel penstock Kozjak.

The superstructure of the treated penstock variant comprises 70 different rounded wall
thickness alternatives in mm (from 10 to 80 mm) for all 6 longitudinal penstock sections
separately, resulting in 420 different structural alternatives. One of them is the optimal one.
Six different pipe longitudinal sections of different diameters and lengths are optimized.
The optimal result is the minimal mass of the obtained steel penstock of 9967.40 tons and the
calculated wall thicknesses of 20 mm to 63 mm.
5.3 Underground gas storage Senovo
The third example shows the MINLP optimization of the investment costs of the underground
gas storage facility (UGS) in Senovo, Slovenia. The project comprises four equal lined rock
caverns (LRC) for the storage of 4x5.56=22.24 million m3 of natural gas, see Žlender and
Kravanja [29].
The optimization model UGSOPT was developed. The cost items and prices defined in
the objective function are the same as those used in the project. The optimization model
includes geotechnical boundary conditions that ensure that the strength of the rock mass is
sufficient, that the lifting of the rock over the cavern is prevented, that the collapse of the
rock between the caverns is prevented and that the deformations of the concrete wall and the
steel lining are limited.
The LRC superstructure comprises 201 different alternatives with rounded dimensions for
the internal diameter of the cavern, 2001 alternatives for the depth of the cavern, 301
alternatives for the height of the cavern tube, 31 alternatives for the thickness of the concrete
cavern wall and 201 discrete alternatives for the internal gas pressure. 2735 binary variables
are defined. In this way, the combination between the given discrete alternatives for the gas
storage gives 7.543·1011 different LRC structural alternatives. One of them is the optimum
variant.
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Fig. 3. The optimized lined rock cavern.

The DICOPT program from Grossmann and Viswanathan [30] was selected for
optimization. The optimal result is the achieved minimum investment costs of 72.88 million
EUR. Figure 3 shows the vertical cross-section of the optimized lined rock cavern with the
calculated optimal dimensions and the internal gas pressure.

Conclusion
The paper handles with the MINLP approach (Mixed-Integer Non-linear Programming) for
structural optimization. MINLP is a combined discrete and continuous optimization
technique. It requires that a structure is generated as a MINLP superstructure, consisting of
different topology and design alternatives that can be considered for an optimal solution. For
each structure an MINLP optimization model is modelled. This model defines the cost or
mass objective function of a structure that is subject to design, structural analysis and
dimensioning constraints. The Modified Outer-Approximation/Equality-Relaxation
algorithm, the Linked Multi-level Hierarchical Strategy and the MINLP computer packages
MIPSYN or DICOPT are used for the optimization. MINLP has proven to be a successful
optimization technique for solving large-scale, non-linear and discrete optimization problems
of structures in civil engineering.
Acknowledgments. Funding for this research was provided by the Slovenian Research
Agency, National research program P2-0129.
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Differences of Lateral Behavior of Buildings with RC
Slabs without beams vs. RC Slabs with beams
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Abstract: Lateral behavior of RC Buildings is a great importance when it is in question
the earthquake happening, so in this paper are presented the differences between buildings
which have slabs without beams compared with those that in their slabs have included
beams. Analysis is done for low and middle rise building, because these buildings are
predominant in our region. The reason why we have analyzed here the lateral behavior of
such cases is due to the fact that nowadays around us are used so many building using
slabs without beams because they represent a flexible solution in functional organizing the
internal area in the aspect of architectural requirements. Analysis is done for some typical
cases just to present the differences in the aspect of lateral behavior and important
parameters such are: inter-story drifts, top displacements and some other similar
parameters when is in question the lateral displacements.
Keywords: Capacity, Inter-story Drifts, Top Displacement.

Introduction
A reinforced concrete slab supported directly by concrete columns or shear walls without use of
deep beams, such slab is called flat slab. It elevates more clear space inside of usage areas and
construction of this type of slabs is easy and fast in terms of time. This type of slabs offers a
variety of advantages for architectural aspects as well for ceiling installation compared to the
slabs which have deep beams connecting to the columns and shear walls. The strength of flat
slabs is often limited due to the punching shear action around columns. The performance of
building with flat slabs is not so good compared with to frame structures due to the lack of frame
action, which in the case of earthquake happening leads to extensive lateral deformation. Usually
to decrease the lateral deformation in such structures are used shear walls in particular position
and direction. The objective of this paper is to present the differences of lateral behavior of
building with RC slabs which have deep beams compared to those which have a flat slabs.

Problem Formulation
Since the objective of this paper is presentation of differences of lateral behavior of low and
middle rise buildings which have slabs with deep beams and flat slabs, in this paper are analyzed
two typical structures:
∙ Case-1 (Four story building-4SB) and
∙ Case-2 (Ten story building-10SB)
For each case are analyzed two typical situation:
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o Structure with columns without additional shear walls (Case-1’ & Case-2’) o
Structure with columns and with additional shear walls (Case-1” & Case-2”)
Also for each above mention situation are performed analysis for three possible variants:
a) Structure which have RC slabs with deep beams in two directions b)
Structure which have RC flat slabs and only perimeter beams
c) Structures which have only flat slabs without any beams
2.1 Input data
For two typical cases analysis is performed with ETABS software [7]. The geometry of typical
floor for typical cases and above mentioned situation are presented below:

Fig. 1. Four story building (4SB) – Case-1’ (Structure without additional shear walls) Case-1” (Structure with additional shear walls

Fig. 2. Ten story building (10SB) – Case-2’ (Structure without additional shear walls) –
Case-2” (Structure with additional shear walls)

Main data for low rise building (4SB) which can be used as a shopping trade center:
- Concrete class (C30/37)
- Number of story (4) G+3
- Height of each story (3.5m’)
- Peak ground acceleration (Ag=0.2g)
- Type-1 of Elastic spectra according of EN 1998-1
- Soil type (B)
- Middle Ductility Class (DCM)
Main data for middle rise building (10SB) which can be used as a residential building:
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- Concrete class (C30/37)
- Number of story (10) G+9
- Height of each story (3.0m’)
- Peak ground acceleration (Ag=0.2g)
- Type-1 of Elastic spectra according of EN 1998-1
- Soil type (B)
- Middle Ductility Class (DCM)
2.2 Structural analysis performed
Load intensity is based on EN 1991-1-1 [1] for each case taking in consideration their dedication.
Dimensions of structural elements are taken based on the capacity demands in order to fulfill
requirements form EN 1992-1-1 and EN 1998-1 [2-3]. When we have to deal with flat slabs the
thickness is determinate taking in consideration punching effect at columns, limitation for vertical
deformation and limitation of cracks.
An important parameter during the structural analysis determining the lateral deformation of each
cases for listed situations when we have the earthquake action is behavior factor “q” which is
taken based on the information and assumption on Eurocode 8 (EN 1998-1), Spanish seismic code
(NCSE-02), Italian seismic code (NTC), Greece (EKOS 2000) and New Zealand (NZS 3101) [46]. When there is used a flat slab, Eurocode8 does not cover exactly determination of q factor,
value 1.5 is the basic assumption for elastic design.

Result Presentation
After the analysis are performed with ETABS software for each case and mentioned situations
and variants, below we will present results in tabular forms and diagrams which will represent
the main data regarding the lateral deformation due to the earthquake action on the typical
structures.

Fig. 3. 4SB_Case-1’ (without additional shear walls) – a) Lateral Deformation, b) Story Drifts
Fig. 4. 4SB_Case-1” (with additional shear walls) – a) Lateral Deformation, b) Story Drifts
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Fig. 5. 4SB_Case-1’ & Case-1” ( Two situations – without and with additional shear walls ) a), b)
Bending moment at critical column at base for two situations and three analyzed cases c), d)
Fundamental Period (T1) for two situations and three analyzed cases
Table 1. Lateral deformations and some of the main characteristics regarding lateral behavior from
the analysis performed at 4SB.

Fig. 6. 10SB_Case-2’(without additional shear walls) – a) Lateral Deformation, b) Story Drifts Fig.

7. 10SB_Case-2” (with additional shear walls) – a) Lateral Deformation, b) Story Drifts
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Fig. 8. 10SB_Case-2’ & Case-2” ( Two situations – without and with additional shear walls ) a), b)
Central shear wall bending moment at base for two situations and three analyzed cases c), d)
Fundamental Period (T1) for two situations and three analyzed cases
Table 2. Lateral deformations and some of the main characteristics regarding lateral behavior from
the analysis performed at 10SB.

Comments and Conclusions
In this paper is elaborated lateral deformation of the analyzed cases in terms of Top
Displacements, Story Drifts, Bending Moment at Base and Fundamental Period.
∙ Regarding the Lateral Deformation the Top Displacement is the most representable
parameter and its value is increased considerably in the buildings which have flat slabs
compared with those who have deep beams and this difference is decreased significantly
when there are includes some additional shear walls. This difference is appeared in terms
of Inter-story Drifts as well.
∙ Fundamental Period and Bending Moment at Base for critical columns and shear walls is
increased for the cases when the presence of deep beams is not present in the RC slabs.
∙ Using the flat slabs at RC buildings should be done with a great care, because the Inter-story
Drifts and Top Displacement can cause considerable damages in the infill masonry
partitions and sensitive facade elements. Also when are used the flat slabs in the buildings
should be intended to add some shear walls in particular position in order to decrease the
values for above mentioned parameters.
∙ Based on the presented results and taking in the consideration that the lateral deformation
are the most representative parameters for seismic performance of buildings at actual
design seismic codes, it should be avoided using flat slabs at buildings in high seismic
regions, especially in middle and high rise buildings and should be keep in mind that in
case when the flat slabs are used it is needed to add some shear walls in order to fulfill the
requirements in term of lateral displacements.
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Abstract. The paper presents the design optimization of a typical single-storey
industrial steel building. The structure consists of the main portal frames, which are
mutually connected with the purlins. It is proposed that all structural elements are
constructed from standard hot rolled I sections. The structural optimization is calculated
by the mixed-integer non-linear programming approach, MINLP. The dimensioning of
steel members is carried out in accordance with the design specifications of Eurocode
3. The Modified Outer-Approximation/Equality-Relaxation (OA/ER) algorithm, a
three-phase MINLP strategy and a special prescreening procedure of discrete
alternatives are used for the optimization. In addition to the optimal structural mass, the
optimal cross-section sizes of the structural elements, the optimal intermediate distances
between the steel frames and the optimal intermediate distances between the purlins and
rails were determined. An example of structural optimization is presented at the end of
the
paper.
Keywords: Steel building, Optimization, Mixed-Integer Non-Linear Programming,
MINLP

Introduction
Steel buildings are widely used for industrial, commercial and sports buildings. In order to
obtain efficient frame structures, researchers have used various optimization techniques that
are suitable for either continuous or discrete optimization. O'Brien and Dixon [1] have

191

introduced a linear programming approach for the optimal design of pitched roof frames.
Guerlement et al [2] have proposed a practical method for single-storey steel structures based
on a discrete design with minimum weight and Eurocode 3 [3] design constraints. Saka [4]
used a genetic algorithm to consider an optimal design of pitched roof steel frames with
haunched rafters. Hernández et al. [5] show the weight-minimised design of steel portal
frames using software developed for structural optimization. Recently, Zhang et al. [6]
presented the optimization of long-span portal frames under dynamic wind loads using a
surrogate-assisted evolutionary algorithm. One of the most recent researches reported in this
area is the work of Van Mellaert et al [7], in which the authors have proposed a discrete size
optimization of frame structures using mixed-integer linear programming (MILP).
This paper deals with topology, standard material and standard dimension optimization of
unbraced steel building structures. The optimization of portal frames is calculated by the
mixed-integer non-linear programming, MINLP. The MINLP is a combined discrete and
continuous optimization technique. In this way, the MINLP performs the discrete topology
(i.e. the number of frames, purlins, rails and secondary facade columns), standard material
and standard dimension (i.e. the standard cross-section sizes) optimization simultaneously
with the continuous optimization of parameters (e.g. a structure costs, mass, internal forces,
deflections, etc.).
The MINLP discrete/continuous optimization problems of frames are in most cases
comprehensive, non-convex and highly non-linear. The optimization is proposed to be
performed through three steps. The first step includes the generation of a mechanical
superstructure of different topology, material and standard dimension alternatives, the second
one involves the development of an MINLP model formulation and the last step consists of
a solution for the defined MINLP optimization problem.
The objective of the optimization is to minimize the mass of the steel building. The mass
objective function is subjected to the set of the equality and inequality constraints known
from the structural analysis and dimensioning. The dimensioning of steel members is
calculated in accordance with Eurocode 3.
The Modified Outer-Approximation/Equality-Relaxation algorithm is applied to perform
the optimization, see Kravanja and Grossmann [8], Kravanja et al. [9]. The three-phase
MINLP optimization is proposed, see Kravanja et al. [10].

Mechanical superstructure of steel building
The paper presents the optimization of mass, topology, material and standard dimensions of
steel building structures, see Figure 1. Columns, beams, purlins, rails and secondary façade
supports are made of hot-rolled IPE standard steel profiles.
The presented portal frame structures are optimized under the combined effects of the selfweight of frame members, vertical uniformly distributed surface variable load (snow) and
horizontal surface variable load (wind). The purlins as well as rails and secondary facade
columns are designed to transfer permanent load (self-weight and weight of panels) and
variable load (snow and wind) to the frame structure. Internal forces are calculated by the
elastic first-order analysis. The dimensioning of steel members is executed in accordance
with Eurocode 3 for the conditions of both ultimate limit state (ULS) and serviceability limit
state (SLS).
When the ULS of structural members is proposed, the elements are calculated for axial
resistance, shear resistance, bending moment resistance, interaction between bending
moment and axial force, interaction between axial compression/buckling and buckling
resistance moment.
Taking SLS into account, the vertical deflections of beams, purlins and rails are checked.
The total vertical deflections wmax under the total load and the deflections w3 under the
variable imposed load are calculated to be smaller than the limited maximum values:
span/200 and span/250, respectively. The horizontal deflections are also checked against the
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recommended limits: the relative horizontal deflection u should be less than height/150 for
portal frames and span/150 for rails and the secondary façade supports.

Fig. 1. Steel building.

MINLP problem formulation
The non-convex, non-linear, discrete and continuous optimization problem can be formulated
as a general MINLP problem in the form, see Equations (1)-(4):
min z = f(x,y)
subjected to: gk (x,y) ≤ 0
n

x X {x R : x

LO

(1)
k K
UP

≤x≤x }

y Y {0,1}m

(2)
(3)
(4)

where x is the vector of continuous variables and y is the vector of discrete (0, 1) variables.
Non-linear function f(x, y) is the objective function which is subjected to non-linear (and
linear) equality and inequality constraints gk (x,y).
The above general MINLP model formulation was adapted for the optimization of
mechanical superstructures. The resulting MINLP formulation for mechanical
superstructures, which is more specific, especially in the variables and constraints, can also
be used for modelling the steel industrial buildings. It is given in the following form, see
Equations (5)-(13):
min z = f(x,y)

(5)

subjected to: h(x) = 0

(6)

g(x) ≤ 0

(7)

A(x) ≤ a

(8)

Ey ≤ e

(9)

Dye + R(x) ≤ r

(10)

e

cn

Ky + L(d ) ≤ k

(11)

Py + S(dst) ≤ s

(12)

mat

Ny + M(d ) ≤ m

(13)

Let the MINLP model formulation for mechanical superstructures be described as follows:
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- Include continuous variables x={d, p} and discrete binary variables y={ye, yst, ymat}.
Continuous variables are partitioned into design variables d={dcn, dst, dmat} and into
performance (non-design) variables p, where subvectors dcn, dst and dmat stand for
continuous, standard dimensions and standard materials, respectively. Subvectors of
binary variables ye, yst and ymat denote the potential existence of structural elements
within the superstructure (the topology determination) and the potential selection of
standard dimension and standard material alternatives, respectively.
- The mass objective function z.
- Parameter non-linear and linear constraints h(x)=0, g(x) 0 and A(x)
represent
a rigorous system of the design, loading, resistance, stress, deflection, etc. constraints
known from structural analysis.
- Integer linear constraints Ey e are proposed to describe the relations between
binary variables.
- Mixed linear constraints Dye+R(x) r restore interconnection relations between
currently selected or existing structural elements (corresponding to ye=1) and cancel the
relations for currently disappearing or non-existing elements (corresponding to ye=0).
- Mixed linear constraints Kye+L(dcn) k are proposed to define the continuous
design variables for each existing structural element. The space is defined only if the
corresponding structural element exists (ye=1), otherwise it is empty.
- Mixed linear constraints Py+S(dst) s define the standard dimension variables dst.
Each standard dimension dst is determined as the scalar product between its vector of i,
i∈I, discrete standard dimension constants q={q1, q2, q3,..., qi} and its vector of subjected
binary variables yst={yst1, yst2, yst3,..., ysti}, see Equation (14). Only one discrete value can
be selected for each standard dimension, since the sum of binary variables must be equal
to 1 (Equation 15).
(14)
(15)
- Mixed linear constraints Ny+M(dmat)≤m defines the standard material variables
dmat, e.g. standard steel grades. Each standard material dmat is defined using a scalar
product between the vector of discrete material constants q={q1, q2, q3,..., qj} and the
vector of allocated binary variables ymat={y1mat, y2mat, y3mat,..., yjmat}, see Equation (16).
Only one discrete value can be selected for each material since the sum of the binary
variables must be equal to 1, see Equation (17).
(16)
(17)

The optimization
Since the MINLP optimization problem of steel structures is comprehensive, non-convex and
highly non-linear, the algorithm Outer-Approximation/Equality-Relaxation (OA/ER) from
Kocis & Grossmann [11] is selected for the optimization.
The OA/ER algorithm consists of the solution of an alternative sequence of Non-linear
Programming (NLP) optimization subproblems and Mixed-Integer Linear Programming
(MILP) master problems, see Kravanja et al. [12-14]. The former corresponds to a continuous
optimization of the parameters for a mechanical structure with a fixed topology (fixed
discrete/standard dimensions and material) and yields an upper bound to the objective to be
minimized. The latter involves a global approximation to the superstructure of alternatives,
identifying a new topology with standard materials and dimensions so that its lower bound
does not exceed the current best upper bound. The search for a convex problem is terminated
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if the predicted lower bound exceeds the upper bound, otherwise it is terminated if the NLP
solution cannot be improved.
The optimal solution of a complex non-convex and non-linear MINLP problem with a
high number of discrete decisions is generally very difficult to achieve. It is therefore
proposed to perform the optimization sequentially in three different phases to accelerate the
convergence of the Modified OA/ER algorithm. After the first NLP, only the binary variables
which are subjected to topology alternatives become active in the second phase. Binary
variables of the standard material and standard dimension alternatives are temporarily
excluded (set at zero value) until the beginning of the third phase, in which they participate
in the simultaneous overall optimization. The data and variables are initialized only once at
the beginning of the optimization.

Numerical example
The numerical example shows the MINLP mass, topology, standard material and dimension
optimization of a steel building. The building is 20 meters wide, 100 meters long and 10.5
meters high. The structure consists of identical, non-sway steel portal frames, which are
mutually connected with the purlins and rails.
The building is exposed to its own weight and surface variable load. Variable imposed
load 2.0 kN/m2 (snow) and 0.5 kN/m2 (horizontal wind) are defined in the model input data
as uniformly distributed surface load. Both the horizontal load on the columns and the vertical
uniformly distributed line load on the beams are calculated automatically, considering the
intermediate distance between the portal frames.
The portal frame superstructure was generated in which all possible structures were
embedded by 60 portal frame alternatives, 50 purlin and 20 rail alternatives with different
standard sizes and steel grades. The superstructure comprised 24 different standard hot rolled
European I sections, i.e. HEA sections (from HEA 100 to HEA 1000) for column, 18 different
standard hot rolled European IPE sections (from IPE 80 to IPE 600) for each, beam, purlin,
rail and secondary facade column separately and 3 different structural steel grades (S 235, S
275, S 355).
The MINLP optimizations were carried out by a version of the MINLP computer package
MIPSYN [15-16]. As an interface for mathematical modelling and data inputs/outputs
GAMS (General Algebraic Modelling System), a high level language by Brooke. et al. [17],
was used. The Modified OA/ER algorithm, the three-phase MINLP optimization strategy and
the prescreening procedure of binary variables were applied. GAMS/CONOPT2 (generalized
reduced-gradient method) [18] was used to solve the NLP subproblems and GAMS/Cplex
7.0 (branch and bound) [19] was used to solve the MILP master problems.
The obtained optimal result represents the optimal structural mass of 149.77 tons, the
calculated optimal topology of 19 portal frames, 12 purlins with the same number of
secondary façade columns and 10 rails, see Figure 2. The optimal standard sizes were also
obtained: HEA 450 for columns, IPE 600 for beams, IPE 160 for purlins, IPE 160 for rails
and HEA 260 for the secondary façade columns, see Figure 3. The optimal structural steel S
355 was calculated. If we optimize the mass of the steel building, we can expect the program
to choose steel S355.
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Fig. 2. Optimal topology of steel building.

Fig. 3. Optimal design of steel building.

Conclusion
The paper presents the optimization of steel building by using the mixed-integer non-linear
programming approach (MINLP). The Modified OA/ER algorithm and the three-phase
MINLP optimization strategy were applied. Beside the optimal structure mass, the optimal
topology with the optimal number of main portal frames, purlins and rails, the optimal
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structural steel grade and the optimal standard I sections are obtained simultaneously. The
example, presented at the end of the paper, clearly show the efficiency of the proposed
MINLP approach.
Acknowledgments. Funding for this research was provided by the Slovenian Research
Agency, National research program P2-0129.
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inspection after the Durrës earthquake of 26.11.2019 and
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Abstract: During the inspection of various construction structures such as:
school buildings, houses, multi-storey buildings, etc. of different structural
systems after the Durrës earthquake of 26.11.2019, various damages were
observed in structural and non-structural elements. Damages were of various
natures such as: defects during the implementation of structures, defects in the
quality of materials, construction of additional floors on existing ones, use of
structures with poor ductility such as massive masonry systems, negligence of
supervision or construction without supervision, etc. In reinforced concrete
structures, damage to the ground floor columns (mainly in plastic hinge
regions), damage to the protective layers of the reinforcement and the presence
of corrosion in the reinforcement, collapse of the masonry fillings, etc.; in
massive masonry structures, diagonal cracks in the walls, partition in the
corners at the connections between the walls, and at the connection of the wall
with the ceiling tile have been observed. Some of the retrofit and repair
methods that can be used to strengthen existing structures are: reinforced
concrete jacketing, steel confinement, FRP wraps, FRP rebars, etc.
Keywords: Structure, damage, reinforced concrete, masonry, retrofit

Introduction
On November 26, 2019 in Durrës, Albania, a strong earthquake with magnitude 6.4
occurred with an epicenter 16 kilometers southwest of Mamurras. After the earthquake,
several days of visits were made to the areas affected by the earthquake to assist in the
preliminary assessment of damage to construction structures. The inspected areas were the
area of Lushnja and Divjaka to inspect school buildings, the area of Thumana for inspection
of residential houses, the area of Sukthi i ri for inspection of residential houses, and the
zone-IV of Durrës for inspection of residential buildings, as well as some structures in
coastal areas. During the visit, about 7 school buildings were inspected, where most of them
were built with a masonry structure, except for one that had a flexible structure made of
reinforced concrete; about 54 residential houses with different construction systems such as
those with masonry structures, reinforced concrete combined structure with brick masonry
and flexible reinforced concrete structure; as well as some buildings with flexible structure
in some areas of Durrës. During the inspection, various damages were noticed in both
constructive and non-constructive elements. The damages observed in the rigid masonry
structures were: cracks in the joints at the corners of the masonry walls, cracks between the
openings of masonry walls, out-of plane of masonry wall, detachment between the ceiling
and the masonry as well as diagonal cracking in the plane of the masonry walls; in combined
systems, diagonal cracks in the walls, removal of the wall from its plane, demolitions in
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concrete pillars, etc.; In flexible systems are mainly observed damages to the lower and
upper joints of the ground floor columns (mainly in plastic hinge zones), removal of the
reinforcing protective layer, etc.; also major damages to non-structural elements has also
been observed, especially in masonry infillings of flexible structural systems.

Overview of structures of different types damaged by the earthquake
Inspected schools structures in the area of Lushnja and Divjaka were built in old times and
mainly with construction systems known for that time, such as rigid system with masonry
walls. As it is known at the time when these structures were built the seismic design code
was not considered or little considered, also these building systems are structures with low
ductility and not suitable for seismic areas. Some of the damages observed during the
inspection of these structures were: diagonal cracks in the openings, cracks in the corners
where the walls are connected to each other and disconnection between the ceiling
structure and the masonry walls.

Figure 1. Damages to the school of Karbunare and Hysgjokaj of Lushnja
During the inspection in the village of Bushnesh in the area of Thumana, Thuks i ri, IV
zone of Durrës and some coastal areas, various structural construction systems were
encountered, such as those with rigid masonry wall structures, systems combined with
reinforced concrete and masonry walls, as well as flexible reinforced concrete systems.
The height of these inspected residential buildings was from those with only ground
floor to those with B + P + 4 storeys. The structure of the single-storey houses was built
of stone foundations, masonry of bricks, ceilings of wooden elements and plank fillings,
as well as the roof of the wooden structure; while the tiles in the buildings with masonry
structure with larger floors were made of reinforced concrete reinforced concrete. Some
of type of damages observed in these types of structures were: large diagonal cracks in
the masonry walls mainly at the corner connections, in-plane diagonal shear cracks of
spandrel panels, vertical overturning due to lack of roof-to-wall connection, etc. These
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damages are mainly due to the construction system which does not withstand the
earthquakes loads taking into account the characteristics of the material used as well as
the construction method. Figure 2 shows some of the damage observed during
inspections.

Figure 2. Damages of residential buildings with masonry walls structural system
The structures of the inspected houses in the area of the Thuks i ri of Durrës zone were
built with rigid masonry construction systems (stone foundations, brick masonry walls,
wooden ceilings or concrete slabs), combined structure from reinforced concrete and
brick masonry, and flexible reinforced concrete structure. The storeys of these houses
were different, such as: ground floor only (GF + 0), GF + 1, GF + 2, B + GF + 1 and B
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+ GF + 2 storeys. Some of the damages observed in the rigid masonry wall systems were
large cracks in the masonry walls, mainly at the connections walls at the corners, at the
door and window openings, as well as a detachment of the ceiling structure with the
vertical masonry wall structure. Some of the damages observed in flexible systems were
cracks in the ground columns and removal of the protective layer of the reinforcement,
diagonal cracking in the masonry fills between the openings, out-of plane of masonry
infill walls, etc. Figure 3 below shows some cases of damages of residential buildings
with flexible structural system, especially damages in ground floor.
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Figure 3. Damages of residential buildings with flexible structural system in IV zone of
Durrës

In addition to structural defects, during inspections in the mentioned areas, large
damages were observed in the non-structural elements of residential buildings. Masonry
wall fillings in many of the structures have cracked a lot and many of them have fallen
from the buildings. These major damages have occurred as a result of poor execution of
these walls, such as: non-application of reinforced concrete rings due to their height,
poor connection of walls at their corners, or in certain cases non-application of tie
columns, etc. Figure 4 below shows some cases of large cracks in the masonry fills as
well as their falling from the building structure.
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Figure 4. Failure of infill walls of residential structures.

Reconstruction and repair methods that can be used to reinforce
existing structures
Some of the retrofit and repair methods that can be used to strengthen existing structures
damaged from earthquake are: reinforced concrete jacketing and steel confinement for
flexible structure systems; reinforced concrete rings, reinforced concrete layer, FRP
wraps and FRP rebars for masonry wall structures, etc. Reinforced concrete jacketing is
considered as the most common technique for repairing and strengthening of deficient
and/or damaged RC columns (Figure 5). In general, this technique is a practical solution
to recover and improve the load-carrying capacity and stiffness of reinforced concrete
columns in earthquake-prone countries. It is a simple method that can be applied to any
column cross section for rehabilitating structural elements by encasing the old member
in a stiff jacket. The steel jacket retrofit is also a method that can be used to enhance the
shear strength and ductility of square reinforced concrete (RC) columns in existing
buildings (Figure 6). For the masonry wall structures applying of reinforced concrete
rings and tie columns for strengthening of them is more difficult, so easiest method is to
use FRP wraps or FRP rebars (Figure 7, 8 and 9). They are ease of applications and
corrosion resistance, as well as enhances out-of-plane flexural capacity of the wall,
strength and ductility.
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Figure 5. Concrete jacketing strengthening method

Figure 6. Steel jacketing strengthening method
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Figure 7. Placement of FRP wraps strengthening method for masonry wall structures

Figure 8. Placement of reinforced concrete layer (left), and FRP rebars (right)
strengthening method for masonry walls
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Figure 9. Application of tie-column in masonry walls

Conclusion
From the research mentioned above we can draw some conclusions about the possible
causes that have led to major damage to the inspected structures can be: constructions
made with non-respected standards, seismic design code was not considered or little
considered at the build time, construction of additional floors on existing structures, used
materials of poor quality (concrete in reinforced concrete structures), use of materials
with poor ductility (case of masonry structures), as well as defects during
implementation of structures.
Most of the inspected structures can be retrofitted and continue to be used. Some of the
methods that enhance strength and ductility and which can be used are: reinforced
concrete jacketing, steel jacketing, FRP wraps, FRP rebars, etc. Using of these retrofitted
methods depend from structure type and and the material from which it is constructed.
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